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[ » if tt # cd m m ] 
[ if #31 i 1 

l£&i&fr<>l£m.&te&W-5f=F / xtfficDtz.t£><D^'( • ^/u-T's/ t-l^y^f At-fcot, 
9 • /7 f V 7 * — J* h . 

b) 7 7 j =-7- j - • 4 9 ci*7AtHCSIW«»EJ<Jlw*#«?i-*ffi|BIWE?iJS:*-f-**t 

c) ifi IS ^ FiS IE & * -T 5 * — y 3/ h^§:»1-StibiT.-5«fi^WH-i:. £r ^ tr •> !r a 

o 

[If #31 2 ] 

fifi IE £ H tf) iS # , 4A^l, sae^lf^^tr, fStxHCSimv-^rA, 
[ !S# JS 3 ] 

iiifED*'? 1 ^ • ^7 'y h 7*-Az)!, Itrofti^T - 2-? £ £ £> K ^ tr , If # II 1 M 

IE *t <£> •> * =r A „ 
[ If # if 4 ] 

t it 5 ] 

ltfflEftfi;;9-#ffff-<o*-.7 r -.y h3l«»*gttSr#i-4, if#«lirfEg?«>->>t7 i A 0 
[if #^ 6 ] 

o 

[ 7 ] 

8 ] 

^&fz!b\Z.MiZT-7j==.Tj — • ^ 4 ? n jj 7 & 'J ^x-rztcZxDh&X&Z)^ ft * J§ 
3 CO > ^ A 0 

[ IS * « 9 ] 

[ W*« i o ] 

• j ? & "7 -u t . %%t -? a ^ ^ — • ^ ? & z ? j± t \^ \^ ^ tt ^~ z> & 

^^/is&mmz ftz , » # « i ^is^cov-^^a 0 
[ x ^ &b * r n ] 
i 

[ 0 0 O 1 ] 

*mm&. 2 0 0 1 *lfl 1 7ataiBSiifc«I(EliiB 6 0 / 2 6 2, 5 3 0 J; 6 
0/262, 852 & Jj <D — Mm£LX- &> 5 0 

. * 35 Wfi . ^ft^»atyy;uS:^ietctelt5*6* < ' W • ;* /u — :/ -y h # #r ) £ ^ 
tf. 

[ W Jfc ft fff ] 
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I O O 0 2 ] 

3§ m (o w « 

[ 0 0 0 3 ] 

ifciisv^f n^^y/^Kfc, in v i v o©8»44tt¥W»»4fcH4»^Wt} 

li. tt:ifcfftlB^cO&W-e£>£^#:jG (2D) K7'>^ft8t MJ ^-^yrH^T; 
Ky^t«*B (SDS-PAGE) . i~ * ;b *> . #S©^>^^KS:, ^ « t # ^ * 20 

[ 0 0 0 4 ] 

* 4ft "C f* , g[%T <D 7* v 3~ ^ ^^S^T^, 2 D - P AG E SrfflV^t^H^tlfc^ >/<^fi 
^^l^5rff 5o - * ft -e % ^K^nfc^v^^ffSr-gWf-S^/^^^^ h 3r , ^* ^ jSSE 

* ^ e> « 5 Ui u , ffi # ^ §# isi (fin h y / vy) t^iir^y/^f Sr77^^ y 

M-t5o &^f^^fc77^^vMi, xi/^ h o^/i/^ • ^- v ^ ft (ESI) 16 
V N liM A L D I — TOF (matrix-assisted laser desor p t i on/ i on i z a t i on t i me-o f - f 1 i gh 30 

t) Sfti^fftt (MS) &m VNfci«ftSKS^^ic^$^-5 0 7 7 ^>yhoft»»f 
-^^Mlt^if^w^/Affcli^y/^Ir-^^-^^i n s i I i c o^^td 
Bt # y^^K^fcSifi^rlcfiStS t> <q T- & 3 fc R -f- 5 fc \z & , S5 « « tc K * ^ jbj 

[ 0 0 0 5 ] 

if^l"C, 2D-PAGE/MSStttS^$:i^t'*ii> 0 l o <7) at k # BB S . 40 

<^ # < -C 5 o ^ — ir ^ h p -< ^ *l 3 . (bt^y^^f (05 0/<-ty 

*r*nftv^^-efcSo Mettle ^S^^^^-Y^ge** (splice 

variants) % & & ^ XtM m -f Z> t T th & . * '< * K ft I, 

. ^ co ^ < ^ m m (o m m t ^ ^ ^ m <o ^ m ^ x ^ m ^ , ^m^^y^^^^x-M, 
a^nsi tn^So ^ <d x o *r , * s< ? n & . ( IE « * ) mm&m-t z> im 

[ 0 0 0 6 ] 
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HB tt, 4# 5e 9 >- 9 W is X if / * li -t n "E> <o K S * 28 * ^ it to * L < li « 'i> hi . JRi 

5 ^ o f: ^ £ * ttfc 9 1- 5 fc * . 9 >> '< 9 KOjEMI*. y v ^ * ? * (omtbX 

mstem&^mx-tbZo aft. -y/ua* & t><tt><tit^w^ibL^-r 

v^feftSrffiv>-Ctrt3ttTV^fc*!). ^IStfe^o ffi fi . 2D-PAGETMI bti 

fc^^^^^S^^^^^KoKS^^f^^^^fi*-. I CAT (isotope-coded affinity 
tags) &m t>-& 5*Siaotftgt'J5. L^L4^^), 81 C A T ft & . iffi E 

fa h X fc> Z> Q <^ > EL I SA (enzyme-linkedimniunosorbent assay) :Jo J; R I A 

(radioimmunoassay) ft X <D f£ <D Jj ft i> . «*^Sftt5i^H#t (O^ ^/^ f 10 
*i-*ottlfflCJ:5fc««-efcSo «**^5>H*^^^^WSr»llti-StBAS:^<rt 

t^:^45o S ft . ^T^)li(J(DlS««tMi4<T, ¥-^I*^^<?)Ifi± 

[ 0 0 0 7 ] 

$ib*C N 2D-PAGE/MSSI1, ^V^S-y^^K ( 00 X. , f& <£> * > ^ W . 

ffl V^fcW*0»*ttB^ 4: ft -5 o »J^te^*«fett. * 9 If- V iS > KSSffffl # #r 

!l y Ktt (Y2H) ioJ;(;77-^f ^yi/^f S^fc^ * tt tt . ^fr^^tSS^ffl 
^r/Tti/^- ^-^y^^RSrlttSSfi^JgSSrR^tS i n v i v o <D # ^ 1£ Us 
31 A £: /S^ * . ^f:iiS^77^r^^tt5g^^- h^~ — SrSRftl- 

* R& * tt: * 3fc ) Sr*iJ«-f-5^-<^-fe^*«w«#-r5 D ^ tt <o Jj \z . -jRtrSB^ 
[ 0 0 0 8 ] 

fttc, fltjia^rft^ v>-rtv^ . **tt3PKo *: # ft «*a tt 5 mi£(D 9 9 30 

6 <D K jff * U < ftl^o «uia^^TCO^ffi}i. * — -^v-^yHcHlfS-f-S^l-, ^ W (2D 

-page) fabmmm c y 2 h ) ^stts. r <a « *r * ^r B ufffl^s^tf^, ^ 

<7) ® i£ * ) -<Digffili^^rtgi:ft^o 
[ 0 0 0 9 ] 

^ ft * x ^ . WfE^Tco3g*<ofcJ?>^^^^®^yN^ • * >^ — y h^w^pjtgft^aw 

Jt«r»«fT*5lrl<lfa4fiE*jJif»i:««iSii5. :nb<oft«fltaTo91 , 1" 

ft fc> 1 ) fE<^i^^W^fc^tc > *^»^^b4**^^^^^«Sr5g«Wtw|lliRL. » 40 

^-r^fig^r. 2) aStt^w^fC&^M-rstg;*?* 3) ifi^y/^IO^Stf ( 09 ;t tf 

[0010] 
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fc 3 o 

$i <r> m,^ 

[0011] 

[0012] 
[0013] 

* 35 W <o £ b 4 -5 laafittZ-ir^tfy^/uSria^lc 
[0014] 20 

[0015] 

[0016] 

W <o#» b £ HZ mm 4 ffi . # Kigstt <o If* ^ ffi IS R« £ n s o l35»lftAS 

sciiRfltfti^^s. Bai;, fffaft**«tt^Rwj r«te ( f u n c 

t i on) J * tt (means) J « JB li , *9l«:J£i81-5*ffl4**lrH5* « 1 

1 2*^6ffl(0#|B*ti<DmfiS:atfKiaii4V^o *H#flFi£. !g 1 1 2^fg6® 

<D^fk (means for) j ^ rfc^^Ig (s tep for) J £ t>' *g t£ 

SrftffrWKlE* LT* r (O X b 4 i§ K *J v> T . ^ 4R tE £ 3t * + 5 t ^ 4 5 « JS . 4£> 1C 

sfciitT^s: t>wm u4^ 0 ft*cDttH* s . mm&mm-r z> * <ot^$><D^m\ ^tz.\± 

*fcM*-i-5 4& ri. f^Iilt mi 1 2*3IS6«<0*3S«:J|»-f--&:L* 

■Ctt4t\ 2 h \Z , *|S#rFS, mi 1 211615(0^5^, *9i*rJ£l*i-*fc«>K:SSi6 

^iS4^^fig«col^e^ 

«Hc*<**#*rJB*>fca&lcf75. **»»^b<o»^<D4flc^^<D»»tt4lH]iR*5J;l/ 
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[0017] 

1tK*&VtHr* —If v h ■ T is «< t & ^ & % ga^v'^TAiji, mn^fzi±m&<D-y-^y p 
Srttffi-r^^fefei^^n-fe^Sr^tf, £ <b , *«K^#aS f4. ' W ■ * ^ 

[0018] 

&&m<ois *>(D^mtewmte, ^ zf ^ ^jov^r mm<o h^^(o^m 
afSr*i-saffi»caftttu-fe^ * - * w-r 5 as « sr is -r £ 5gs«icit^ £ a * k £ # 

^Sf (manifold) ^>ff ft O ^ o y ^ (7) J: 5 4 t ^ il 5 0 - <0 X 0 

[0019] 

14 ffi ffi $ tt * ^ o fc ft ^ «b £r , 5> T- h ^ y ^ co y y^lrffiv^t 

[ 0 0 2 0 ] 

#^<o^«f ttmmfrffitS: zthtz. m , ^nb^> 77-f ^T-<-ftsfffflsrsstf# 

^ #r o fc: # «r , * i4 $ b * 5 4& S . «*J 7L xt , tr-ft 3 f t^^«o?pf ofc^lcft^n^ 

fciiH»S"eftfflsnf:««7 7^^y S i&ftf t»tff ^fi^H5 0 * v ^ 

<£> *B i* * fc 14 « * £ CO t@ it £: fg fig ~C # 5 V^ 7 b -)x7^, — — ^*-5< # 3& tf) 

If^^of-y/^^Agi^i^ISd: UT^^ h 7 y ^ tlv^S r t l: J: 9 , ¥f (D ft 
[ 0 0 2 1 ] 

• ;* — 37* h tf> H ig ;gl J4 . ^^^i^^^/i-oS^iiK^iU^^tTMS^ 
fto&mmm (n*'r^ > ^ ^ ) SrJB^So ^ /c^^^^f * o 

^•7^co{g^{-j: 9 . _b IB IH ^ 5£ y*s tB £ * 5 o m 14 . -^^d^^atu^cd^ 
-5 «9 31 fi'io £ / ^ ^. i4 ffi « S: ft 'Js tc i~ 5 r t b . :oJ:^^W • ^^-7 P 7 H: 
^Sig#J-C£>£ 0 i^iiE?iJ$^fcll!)gi^ixfc77^^T^--^-f^D^7AOt 
^f4. ft ^ $ H fc y 7 -jy K^^- — AlfB»^?>»T*taStyy/i/S:Pei:ll8LT 
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*& 3 # . tn(:iott>'7 p ;KD/N>f • hSr^ISglctSo Mr W ft lz r± , t£ ffi 

p^7Artt^I$h^ 0 r ft tt . £#*0»b**S©£«»**^#lii-Sfc*fc«*ft 
/felftfg (flitf, it^^St, I«SfcliXS»lll) fcJBv^ SffiST*y y^t^tt 

cor^^^^^-tiffi^fe tr — xjfcflcfr jut* a ) ttt»BB»-e*s 0 #<^^ 

#KHfc*T»3ffiE*l«:*a ^ft & co ft / 4& 31 ft ^ g fi . >f * n # 7 A * « JB 

-r 5 *§ * k ft ^ r £ a> h . & ft m s is ?ij # at si * ft s c t * < «: ffl x z . m ^ # *t 

feftfcffllB»E5»tt* ^ X o -fe ^ *>fH M^<^ * * -<?*> 5 o *tS*©J:^:il:il, H^c 

©na/»«ftt % itttfflsnsamftru^, 4-. s - . 1 e - . 48-. 10 

. 9 ^<-/u * i± * ^ o -ft in . in s i t u m it . mm±x*<Dn&ftmik/&m. p h m 
m ft if a* # «f h ft 5 a* , w ft t iw ps 5t <* n ft o 

»^ f7 7^ 20 

7A8ftfc5. 5> ^ h =7 y 7 £ , T S J > ^ >Mfc f* ^ ft ^tO^IC J: 9 -ft ^ ft <g t$ 
U^^ ^ < <D|5f UMb *^r — Acoi^ft/)*! o£fflV^TM?DttWHrX*— jg^*g«fe<fb 
£ -fc!r £ „ T -7 4 ~t 4 — •^'{?n#7J*<D&m&, ffi^?^^ c J:«9 77>f^T>f-}ia 
Srlllt + «»-frfc# 9 ^FfJjft^^r^^-r So a»«Kitt. £ C \z I B S ft T ^ a ± ? \z % 
77^7^--7-<^o^7Ali, r (O l 0^BB-CA#-e#S«t5J-ftofcK*^#fff 
(c^^^tiitSo MALD I - TOFioiO'ES Ifi5)fff|-^lll^llrt:, V ^< zf 

& ^ £ L . £ # *t Jft !i y h ¥ tit & W t 1~ £ r <b *S ^ o fc . MALD I - T O F 30 
<fc E S iKa^tFftHifiaEff^t^^fe f emt omo 1 e £Jl ± g S (?) t) J T' «9 

IS^SftfcT^^^^^ - • -r^^n^ 7 ^li, f ifi^) ^Ilg ^ ^ o fc S t^*f S^(D 

[0 0 2 2 ] 

bft Sl61tJ»«rt:. H6l:«*t5i?l:, # ^ b ft * * *f » ^ « A ft \z 

a hi . #*^«-^*T^ft^ftmfto7c^i5^^i~o W *. tf . ifiL^^i^^^E-T^^^^)^ 
ft 5 ^ff ^#«Ei- S M lilSW ft #Sb $r » S ft ^. $ h . *^*«-» 

5^tgtt^fe$te<0^5^^ic:^^S^#SW^^i4^iStN^itT-ft<. m&ftVty n ir ^ 
. MttfMALD I ^fcftES I ^1^^: ^S^SSt^WSt^^^iiWfc^teT)^^ 
^^^^^$-|/M:U5J: 9 ft, #tftil:ov^r^77^^r^ - • ^ $ a 77 7 A 

fttirttm®)l±. h miBL'& . *« ft i-tR/hStii S ft. T -7 4 — • ^> >< ? 50 
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d 7 ^ ^ b > «i»«ftH-lf ASHS^-yy hJfctt^-yy h • 7 ^^l^IS r 
^ * >- :/ j $n-5 0 r. o « * -C tt , «x.a*^^-^i/ - hiif^aBWTi/^H:, S ID 

[0 0 2 3 ] 

!SisJ:t;»^i^^T, « 5> W tf H 4* SO K a $ it fc * - ¥ v h ifilffltS I i SrS 
tt^o iSSS^^W • * yi' — ^ y h H *& 3*. A *x S H fi * ^ ^ v ^ ;u PbI H io u> T 3£ fr 

w w- <*> * - -$r* y hi^eeiaaifii^^^B! (sam) t-fESi-rSo « *. ri . « « a* » * t* 

S^Ji8*ttTfc5ft-yM^»Sfctt^M^^>'ft^»S:«fflLt, * * b fc 

^-^y H^SlSaiffSfSp »*ttS AMT*a*ttS AMSrltfw tl:t D , 9 

[0 0 2 4 ] 20 

*aic:BB-t-aS&ft6l»«l«r#*fca6fcH: % Ltfbtfft**JJ:tf/*fcHt»»*-C«fWi- 

^ & 5 „ £ £> K . Stt(0»«r»ft«ll»«r-ef Si5l:ai4^?), ^^fe^r^^i-^ 

^nb^»f^«rlU6i-S*t>S»*»ft*g5:tt, 4* S'J * & 9 81 fg §1 L T ft IS * fc tt K * Tf 
R»«Siifc|ti»«ftt©#-yy Hrfl^Si t"C* 5 0 30 
[ 0 0 2 5 ] 

#«4H*««fc*3V*T. 9 v Y * fc * — y > h • 7 fi, 7 * Fl/^^ FSI 
£r/8l^T, lfj|3l^-yy h fitt^H i 1^ f t ^ ^ S: ^ y f > ^ t 5 r i Hi D fi[ g 

Iritf $^§ 0 CI <G> £ JR li , xy^y^$tlfcS$|5HS^lcSot^^^n^o ssia 

tr * (^^^WS^/u^o^y*--* — h ) (DSP) *fcf±-?:<59R»#fc£r<ogteft;$ 
*tfc*fctt:iSi4ft:^fBft«S5«:* ^-^7hI8l:, * - y y h ® U ft M tt IS -fr L ft v> 
t5l:, ^^-T^o iggifi^fntlf^t^^ttliiiLt, SttteSJtfcSifc 40 

«te«fls^rtBftK»©ftiiie aiift#»fii (sam) ?:4«t5o riiut, @ 

»<os AMlHiSftSltHSlHSKfcf*^ h 9 >- ft if Sr $ 5 « * <D » tt a* D M 

— y * h ( r u-f ) fx % ft t^*a*H*#Sixfc*^^^->/v,7«/u*^^ 

^ftir<ott*tt«iE-e««*nSo 7 ? ^r^h7^^««s-efcs»-&, ^fy/a/v-^ 

. »iiDMsot!)>^t5:i:4^ia5ftaii:i^t5:iiaot, mm&fc 

*ttK8«rt»4t5wtH45 0 S f4 *T1ig ft » * » 9 - y y hf»He^$*i5^l: 50 
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X V £ in 5 o * « % «K y — % * > * If . >< ^ ^ K . ^fcli»»ft^co*fls:K|g 

[0 0 2 6 ] 10 

_b IE 9 - ¥ y Y * fc li * — y y b • TW^KS^nir^^fiJj&tt. « S S "C — ^ 3£ S £ 
ft ^ — ^* s> Hi J; DS^SfflffiffT'f , ilf^iit^fflt^KK'fc^ ! % 9 - 

[ 0 0 2 7 ] 

. mald i (omm^^m £ n 5 h y ^^^og B a B f s^isntf yy/uis^i ^ 

KfeSC^:*S2pjofcKil6-e»»flc^bi-^ 0 ^ <D X o ft ^ h 9 y * ^ ft * ^ - > - ^ V > ^ 
(s e ed i ng) " ii . ^^^^yUSiK^D^^^eftft^^V^T**^***^*:^ 

>f • ^ /u — ^ y h ^ fi 

r ^ ie* $ intern * (DM&^m . ^ftrtt^i-^ b siR $ m*Lftmtt&m<o ^4 ■ — 
tfy^^ftt, #w#n±* M&m&wm^m* m -ess ft £ n-c. 

[ 0 0 2 8 ] 

IS «F lc fC S ^ #f tf <D ® f_fe ft $ n * - y y hSfctt* — h • 7 1/ I: <t § ? '7 t° y ^ 

*£r/a^T. ^Sf^^co^l^ <h S^^^^^-^^ig. _E #C ^ aft . 29 ft « it <D « <b Sr » 

If^f ii^>j3li ( 011 XL tf . ^ y/<^ f ^ (7)7 ^ / *fc(iDNA/RNAf Wgi 

F^c^MfiM) iBiy7 h^)jE«4*3lSrffl^T, «a#*_fe^Lfc6»S:ftSt5 ^ 
a* nj fg -e fc S o n<z>J:5ft»«rli. W *. tf , ^ f ^ t ^ ^^^^S * fc fig 

(Mitt, ^/y^^, V ^mm.. * 7 A- , ^/u^yuft<!f) ^^^-S^^o^.^. fttitM^®> 
<olk^&$fc <dU&& £ Tf&M & mw^ & fe ft \z ^ y t'y^f-^ t^^^t)tT^^t^ 
5o ^^iw. /h^^^if-i' >- £ 1nte&fc{±9 — ? v hfi. ?K ^ v- ^ ^ A 
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[ 0 0 2 9] 

htil:fflv^ii5, ^©ynt^tffl^T, »«f»«*fcrt»«* (##r *tti4£>4il 
m ) * * 3Eifc#£M>bt£]ifcb. f i^^r^IltMlt^o IB — <0&tT*&3S^fEK::JS^X 

s#siLx;»*»«rfE§s-t-5o & ^ x^sia -c # * >- -? *v * (w#«£-r 5 m&m 
m & . «& ^ + > k at b x s » « k tg ad l fc £ *j m x # ^ ^ , *fctt»»w»r*£-e# 

[ 0 0 3 0] 10 

, * ttfi-fi- ^ t@ s^/s — h - o ^ t * * y - ~ is if b x o t -r s mm x, 

t5, btfbtf. KM&m k & Zit&Vo<D93am k 1>* h * E « «) ft # * 

^r^^^bT, ^^$tLfc^W^ti + ^i^f^)^$tb^) 0 Rb^^&HT, ifc £fl CD # #f 

^£$^fc77^^ > h^^^i (*Jj:t;«Ii#*ttwj3i«) li . ^#f«S:PI^-t-^fc«) 20 
[0 0 3 1 ] 

5 A> £te«cop&a£r0J? 5>^lct5o 
[ 0 0 3 2 ] 

co t> co x , * * wra . rn^^mticEt^nfcfet, i±36«u:ir5£ 30 

$ tt 5 t> <75 x ft 

[ 0 0 3 3 ] 

77 ^ - • i7 p ^/ 7 A^Sil 

H®I477>mT^ y if ^ K^^^n^7AC0»il^||JS«i«CDjt^^nfc^jS;JC 

[Hl^ll ] 

[ 0 0 3 4 ] 40 

#IS:fflV^#att^7^5)^ h7 5'7 p OiS-^7 7r>f h^7 p u^|»Ji 
#?Lte#7;*#T- h 9 y y f2 . ^ 7^ >- U ^ — /UgiVT ~— y ^^JB»l!«:fflV*:rti*R 

Wj^f ?LP - 2 0 0 t'^y^f ->y(7)ttSf icSfeft^tltt^ ( lfigf fefc9 0. 0 7 
1 >- ^ (AP) <0 1 00—1 000®CO?L; 2g(07-/<-, ^ 7 7 r << hMBati 

# 31 ) o iK-, V — ^^JKif7^<7>3*ffitr — X (1 50 — 200/zm; 7 5 % S iO 
2 . 15%Na 2 O3oJ;O 5 10%CaO) ^r^^b. T ^ — y is V£ ^ 7 ^ 1/ - 

* ^ * . 772X: ( ¥■ m . t = o) <b 8 o o <C (t = 35K 1 9r<n^W) co^m* =? > 
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&1ltT — s<— Sr^i-S^JLtttf^*^^ h 7 y 7 X <D y * ft + b y y 7* 

(D^tm : 0. 0 6 1 >- ^ (AP) . O. O 9 2 <Y >" ( * £ ) . 2 £ tf> — — ) £ £ 

[0 0 3 5 ] 

*^S») *::IEg £ ii: 3 0 ft*byyy*£,ftmfab(D + ftteM&&&mm-tZ^b\z£ 

*> mfc-tZo \?-<y yy\±. mfc-y* □ ;* ^ « sb i- s £ «> £ & h 7 * zf <onKm\z. 

m m X # £ o 

[ 0 0 3 6 1 

^-<^ h £ |g| 2 — 5 icM/Tt§o 

immm 2 ] 

[ 0 0 3 7 ] 

ir^ S y^»S8rfflt^-5#?Ltt^7^^^ V y y (OUlk - '< 4 \s y ? * 

&JL\±s<^ Uy<7*-tfy*ft=f- h y y ~7 «: K it ~T 5 fc tf> id , -fe^^ y ^»IS:Ett5, 

0 0 tf-iy^f yy(DttitHSftft$nT^5 0 >>/U7J — (Z i r c a r) ^-f^^R 

^u- — h-( 4X6X1 — i/4>T^^) £r . ^ 1j — it ( ^ ^. — a — ^ *N 7 o y ) ^ 
flt A L . S :7C 5p ^ V K ^ X- * ffi it U „ CNC««*w J: 9tt±»f fc (2 1 0 0 fl§ 

^ 71 „ 0. 0 6 2 5 >f 2 ^ <0 — — ) 0 ^ — yu ^ /Mb |£ 3fc #t * >7~ 

^8 f^>f l/y^^j (4Mm^ i ^300^m<Oi^-rX:8 1%Si0 2 . 4%Na 2 0 
. 0. 5%K 2 O, 1 3%B 2 0 3 . £5 X Tf 2 % A 1 2 O s ) "C^5*Six^:4ffl^ir7 5 
y^»ISr<Pl:aiia, ^^f (8 1 6t) gJLT * "C <0 S ^ fa & Ja « Jb # 7 

^ (60») Srfflv^-caW^iaA^SSrSJtfco * J- . f£ #1 M £: . i/y^^ftft 
jS ( 8 2 1 *C ) l:7>'7 a t5S!lk:3 0^ra¥StLT^b, m«rft 3 0 ^B»» L t * 
7Ltt^7^»^ h^y^S:** Lfco ffi*W*Dl»te3S<Ofc^iw OK K f !) # y x & m 
T) . iS$r 7 0 8 tf ty^>7>y$^, ^^)S|T\ S#8i0ofca6^«-^^*ft 

^^*(st y ^^sftjw 2 - 2 o mm imm<o ^ y ^ >- y &\z& v ) mt^^r^* mmmm& 

& S <D m & > ^7^^ 7 y ^rV^S:8tt5fcAlc % «FS*rilf«]*SlRa« ( — J» K 3 0 O 

^ ?L P - 2 O 0 y y7 , ©APlw6!!)ftlt5fcfeWiai??L(tf^^-S:*t5 

&K&'<J ^yt^fSy^ft^ V y yzf (m^X <D & y x ft * h y y y* <D ifc : 0 
. 0 6 2 5 ^:/^ (AP) . 0. 1 3 0 ^ ^ ( « S ) , 2f Or-/^) & ± M i~ Z a 

1 m m m 3 ] 

[ 0 0 3 8] 

•fe 7 * y ? ^ t> Z> life is V Ji 13 7 T^ft^ V y y zf tf> 3t - s< 4 n — /U 

*JLtt'<^= — h 7 y /lrSilt5fc*(c, ni&m 2 iz^mZ fttilz y S y 

^i/tt) . # ?L ^ — ^ ( =2 — ~ :x ^ *± ) % Mffl^JL&lf y * ( n v h a — K # 

— ^ ^ ^^^tt. ^ — v? y — — W ) , (ffim<Dyo— — W&lZttiVAfiinfab 
3 0 0 /im^i^-rX*i: 9 6%S iO z ) T'J@ t T^I:«Ife, ✓< n — » -fb jft (1 

soot:) ^T^xnm^fateumiig-zigzx {90ft) mw<DiM.m¥-m&%Li?xfat>, 
mmm* % m * 4 = — ^ ec it & (1 5 3 ot) >zr-r z>m\^ z 0 ftmw-m\z \^x 

*?Ltt^7^»^ h7 7/^^^LfCe ^7^^7y^v/ti|t*5fc«{)H, ^S^r 
it * HI ifc 26. ^ (-^i:|j3 0 Ot) ^Xlt^^^^^JiEX^^iST^^r^o ^^)/pt^ 

[It«4 ] 
[ 0 0 3 9 ] 

■t 7 ^ y ? mm& m\<* z> » * tj y *ft+ h y y zf (omm~ -> y ^^'^^fc^^^ 
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v/ y ^^'yu^7t^^^^7^$r^o^r#7Ltt^7^^^- h =7 y ^ S: K it i" S «> HJfi 0»J 

# ?L » > 9 # V {is ? ^ lr % *> >\s$±) £ fc 3£ # ^ ( =3 — =• v if *± ) (^1<D7d 
— — tttirft M m^b 3 0 O /i mOt^XI : 100%SiO 2 ) X 5fc * L T ^ 

t-afiia. y * «c As j« (1 5 sot) mT*-e<Da^>^*?aS-h#*iiB (9o») r*I 

( 1 5 8 5 t) id _k #?- £ -± % »fttt*7^»f h7y^fe»*lfc. 3lf7^^7y*y^ 
£r It 3 fc £> lc . SS^SrSi^OftlsIiRjaffi (-jRl:ft 3 O 0 t) ^ ti^^4^)ET'l£S fi 

i n m m 5 ] 

[ 0 0 4 0 ] 

^ y 7 ^jTte&ILWLi' 9 * & * h 7 ^ 7" 

SB # a tt y # # ^- h 7 ry^J^^li. MM W 4 X fit & ts ft ^ ?l \± ^ 9 # # h 7 

^^h^y^Srtl&zk^^y— /P*. *ttHF (2 5- 5 0%) Sffi t 1c AJlt, ^ * V 
^ « flE (120 — 200mA/cra 2 ) :io J; U< f& £t (150mW/cm 2 ) ?:1^^^2 

[ m m m e ] 

[ 0 0 4 1 ] 

ftS!SrJBv*S#*L«=»*:RftJR#^ h ^ y ^<OSit 

# ft M 5* ^- h 7 y ^ ft , rfrlEOlK^aP- 2 O O tr^y^^y/Ott«ttft»ftS 
ixt^So i£<^ffi£4 mj^O^M^it^TTt^^^V^) ^fctt^D^ftcDif- — 

ft ) "C * * £ *b , #fttc:raSttfc:ry^^e:x£^ffiLfcT — — (Arbor) 

ti9, * s /Kfi ufca^ttft* do icje (ft*«t^mtwffl^ (Dm&uzmf&-t z <d 30 

[ 0 0 4 2 ] 

7 -< ~ ^ — I* UK £ 3£ T* # * ti & ft h ft ^ . £>tteT7^~^>r— i*|g£*£-g*-t-5*: 

o 

[ 0 0 4 3 ] 

Jb K H 16 WIS . i> n ^ 7 A(Of-^-ft7°p 7 >f /i/^f!jfflt5 ^ 7" — — £ £l 

=£-=r — — * LV^ 0 

immm 7 ] 

[ 0 0 4 4 ] 

^?Ltt^/7^7>^ K7 s/y<OS/7y«l/®|g 50 
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IIJ»ff9l — 6Sfcf4te^^Li^o^^^J:0^j«*nfc#7Ltt5>^ h 7 y zf . W 
St^tMb (v7>ft) ifflfc«*rc>*. Kft*&3, f+fiS-r * tK id £ * 9 > * . ^^^rffi^^ 

£T (AS»»-f4*w»^aT) T-^^tK^ fciifS^TK ( - « «r l Ofe<D&m) * ffi M 
b . £r S£yk £ 2 0 £ i± 3 S g| b T (£jtl±2fc»bfti^-e) 1 ~ 2 4 ^KSlili t 5t 

, *t<DlNS®«r, ±#ifl«^li«H^b2l*IH©«fB-e*n.tt#7^» : f 1 y/l: 
^ItT (10^) , f ( 3: * ttiff < ) WpH^ibJlS* t*t*y V^tio 

■e , * * 1 n « « * . m$)<Dm%imx*mt& ufc £ & * i* -r- £ „ ^a^t^^^^^h^^ 

^Sr, ^^.v SfcttK^:*— (lOOt:, lfHEE, — (ft) (O^f n^T*ejit§ 0 10 
[ 0 0 4 5 ] 

fclz$£»/m&m&1L1t# 7 h v 7& * M zk h ^ ^ ^ * , ttilfii 5 14^?,- 

8fe fl! SE T\ ->7 ^ftSI, 0»J x: fcf , l O % > 7 > -ft K Sg ^ N - [ 3 - ( h V * b * is is V 

^JLtt^^h^yrtSrttS, *>7y»S#?Ltt*f h7^?r, ^i&*-Cj££p£ii:. 

6 "C Jb « 8$ a* . ^ ^ t K y v J; (/ / t fc h y = h p $ Sf 8 (tnba) K £ t£ \z 

y A* » 3 - ( h u > h + '>->y ;v) /ptf/u, -3- ( h y ^ s * > > y /v ) ^ a t° ^ ~r ^ 
y \ n — [ 3 — ( h y ^ h is i) j\s ) zf * t° ] r =- y > x n 1 — [ 3 — ( h y ^ h^^> 

y yv- ) /p t';u]^xf f y T ^ >- . N — [ 3 — ( h D * h * is is ]) ) ^ a tf yu ] 20 

uy^r* ^^r^yyi-^3 - ( h y ^ h^-y-yy^) zf n tr /u , [ 3 - ( 
h y > h^yy y fMt^ ^7 y^e^^ f ^ry^=: a, n-[3 — ( h y y 

F^yy y yv) /clf/H/Kyxf yy/f > N 1 ~ [ 3 - ( h y ^ h^ryy y ;u) ^ a 

t B ;u]^^^yt, r^y/nt^hyxharyyyy, 3-^y y K^y/Dt'^f y 

* h *y 7 y , f t°/U F y ^ h y y 7 y , ^on/n^y^y > V * is is 

7 v . t^^fy^ f y / f ^ v 7 y , t^f y/^y ^o«>7y % o - [ 2 - ( 
Fy ^ F^yy y^) ^ yu ] o ' -^f /u^y xf yy^ii n-/^ •> y yi, r /u K * 
if a* * *f 6 n ^ o 

[ 0 0 4 6 ] 

rne>©Ki£fj % s« ^ »*d $ n 5 Fyxf^r^y (tea) * js ^ 5 * ^iastt he k 30 

£9. £ fcte«£Eig/H T («J 1 ME) JS i~ 5 Z. t td «t 9 9 "C # 5 . 

■7^^p^yA/N^^y^ (h°-<^ h) ffii 3g 

-e-T^Pt°-<^ h ^ y ^ ft if CO ^ d # 7 ^ ^ ■? is if . &Aj«^^fcl4S5llf.(CJ: 
Fi:, i<o J: 9 ft'>4< ^ lfioS Lii^^jg Sr ^ i 5 J: 5tf»Shr^5 0 — 

ft^b. £ t> #5t ft intense i: jov^t, a'>4< ^ t i i©stii*^fitt, —^(om& 

. &&<ti>im<DWX^&lz3t7thtLT\<^Z> 0 ft =f- V y y zf & ^ ^ v ^ ' \z 3t>m $ n 

F^y/CIgBgUtA^yy^^il^ - ^5 (4 . F 7 7 ^ ^ bf ^f:g 

*»*^*5fi«S-ertlllll:flLftit5>tiSo F7'yy«:««Lft^ 

j: 5 -r § fc ^ x ifl » i: » t w *t ft v ^ £ 5 ^ a s * & ft ft n ft b ft 0 » ig ft ^ j§ 

f^aso^^ y zf & ft m b ft & h . ^^^y^^^HriuStsr k \Z £ t)^^^tb^ 

V> T rt ffil ^ * frft h tl . :ilCJ:oT»T- h =7 y Zf \z ^ $ is is if n b ft It h n -5 0 
[ H IS 0iJ 8 ] 50 
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[0 0 4 7 ] 

y< y <d » m m ft 

-gmmit&ll&ft* h =7 y ~? <D H m f$ '< y *f- & tt ft / R 9t * ft 

ft / r « » ft s r± , #*fc#<*>*85-ciifTL* #m&m&ifizmmnm, m * « . * ^ 
- -i- tt . ^^aftEttifctt*!;^ — Ka6^.tosttft-e*a — ^r^>^, # /u >- 

m . — J* /U *7 fc K y ^ > t Ka^vvK T y £ . 7*^ K . 7 /u x fc K % fc 

B * 5£ * -5 c 1° 
10 0 4 8 ] 

o £ #J ^ -f 3 0 * S3 fc . 7>;yt«Sft» : Fh7^S:, ->7/#Pt K!) Kt M n 
(lOmg/mL) «^*y^y>-^ (lrtFUB^b— «t^«H^R«?WPlB) £ ffl ^ T . # 
tV $ /V T f\s 7* fc K ( O . 1 OMy yBt h y l^^t 2 5%Sffi, pH7. 8 x lOOraM 

t K • h y y ^^±©Stt7/Urfc K * Sr . ^ ^/^ft«i*o J: 5 45 y 

Kt*i:^y^^^- ht^o * s/^y t^^ofc ( iB SJ ) y # > K £r . HBS^ 
»JK(10mMHEPES. pH7. 4. 0. 1 5 M N a C I . O. 0 0 5%|?-ffiSi*»] 20 
P 2 0) T^®il:t)fcoT y V ^ i" 5 ^ Ma 98&5&1-5 0 ^^IS^j^nt^fi, 
*^»«f»«««^At*t5»^ h7 yyS:4*t5o ftHS»f h 7 ^li P - 2 O 
0 fc° ^ y * ^ y ~7 fc IS * h 5 o 

[$S^9 ] 

[0 0 4 9 ] 

tifeSlk^^Ltt^? h7 y^O/^yf 75 ygttft, IS @ , SettftfeitfR^frft 
7* y->CHO^^!j - y^CHO^Ab 

it *I fc J: 5 >T * D^^AO^ftftfi. Eifev^SgfcytfvKtfs/^y v^fc££5te^;£r 
«fc «: ^ fc 5 0 «ir ^ y* s^^^t^fc^i^, ^ y y y y , r^/^f^^v^^^ 
fcU7^y«8^^-/<-^ hfy Ky ^-4if©f-I»fl7$y*y v-gSr, S 30 
*©19Iift*ia5, Wffi* ft / Stt ft *?Ltt^^h75/^*ffifc ^ ^ 9 

/UT/i^fc Kgtt75 yv^ ^ a^7 A?:, y7/^p/W Ku-ht M !^A^4*y 

/y y^i:joi^t^y y hi~-5 0 ^fc> ^^^ryr^^-^^^D^^ 

A £ . ^^^^7^? t: KSrfflv^tSftgttfct, zk ~e y >- * b , ^y/^f yxfy KS: 

[ 36 SS #J 1 0 ] 
[0 0 5 0 ] 

-i-fSSft^TLte^^- h7y/©/<yf*B7 5y*»g|tft/R**«;l:J:5*#*»8 
<o «j mil 

T5>'->CHO->7Ky-r5>'^NHS/EDC-^^yCOOH^NHS/EDC^>y 40 
# V K 

y^f>-K@^t0 7t^<7)^<7)T^D— ^-^LT, $E7;y{l^t5y^vKi^i/^*> 

^^iw^y y ^y, x^/^^^h^v. r^y^ifi^*— /< — ^ y KJ^- * 

fi^y 7^ y/H: K7^K^r, 'g'tgSft#?Ltt»^h^y^ p *®fc^«l^^:. & ^ -e * ^ 
^^iyyu^^^a^y^^— (0U^Lii. S zk ^ ^ ^ ^ ^ fc M * ^ a- * >^ ®? ) wEDCft 
iHte^^fciiir^t^y7ygttft ( ^ # * v K g ft * ffi fc ft 5 ) 4if©l*^ftf 

lc J: -5^^^/u#^r yyi/^^l^ J: § D CtL^co^/u^^Wu^^^o^^AJi:. E D C / 
NHStt^ttOgttft/*y^y > ^ £: S T {£ p I ^ y/<^f y ^/y K^Stitt^ Wi: 

e> n 5 • ft ft w fc f* , ^ y y^y^-r^n^^A^ gTk^^^i ( £ fc ^ * a- so 
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m) (0. 2MSII?t M^^^l O Omg/mLi*^ 4 pH4-5) ^/</^f^fy 

/£Sr55T ( & :b . tnbs^ykK!lyr;yS8ltt) £ i*: & 0 #C # A* ^ * is 
~* >f ^ n # =7 A £r . Tk^l OOmM N H S £ 1 OOmM EDC£-C^i&-Cl 0—20 

^^rtT 3 ( gt ft 1 — lOmg/mL. HBSif«pH7. 5. 4tt- fife . x - ^7 ) 

o 

[ H ffi 00 1 1 ] 
[ 0 0 5 1 ] 

tt^^^ii, * > ^ a 4r * hyyoi 9 47Kgi4^^^^r y^tt?K !) ^-i 

(^/U^'^y^f yuf h7 V, */UsK^r ^ f ;U7 ^ n-^ , # 3r y ^ yi' -fe 

h =p is-* V I) y^^l^*;U3j?^^/i/Si:©ftSfFfflS:I6i 9 * U # > Y (D *fr y rf V v 
? 0 o McVJlz ^ 7 ^d*7A* % EDC - ( 3 

y ^ /u T * y ^ a tT /u ) ^ /K v? >Y ^ K ) ^4* >^l:gt 1 O OmM J y|t F 

^^A, p H 4 . 8. lOOmM Na C 1 T'l S ^tlf: 1 5 kDa^/U^>y 

>^-/Ux^r^h^>- (CMD) l:*y^5y/Jt5 0 !) y»»iB»f»@o y y^^, 

^ ^ ^ ^7^-7 h !i ^^^±<D^7/U/^^r£/yl-S^ v EDC/N— t Ko^*>^^^y>f ? 

K (NHS i^K^^l OOmM) T- S ft: U , ^ »gt*4 if 5 !l ^fy K ^ 

^^^^■^-hi-^o g^t^^ofc ( x3 » ) S*S:HB Silg (lOmMHEPES 

, pH7. 4. O. 15M N a C 1 , O. O O 5 %#Egf4i P 2 O ) "C i£ fl£ H t> tz. 

oty y^tsriia^ii, ^ s> « . hyy/^p - 2 o o t°^^ y yi: 

[ Slifi W 1 2 ] 
[ 0 0 5 2 ] 

y \z is ft £ # A is y t * * h =7 1/ tf /u ~ /V \s ^ % ? y* — jv ( c D I ) J; 

V is Ki^{^fc^^i^7yn-f i LT, CMDjf<DEDC/NHSgf£ 

N, N -*yu^ = ;u«y^ ^ yy^yv (CD I) g f£ -ffc lc # 5 0 :ogttftS(j:gS 

— s y ^ /c 7; /u 7 t KiJyv^^^-e^^-f ^^v r yy^7!7/u^<^ — h«fr^ 
^i-f it ^ o #J ;i f:f . CMD-^-T^d^^a^, T ir h ^ K T ^ y ^ ^ /i^ ^ ~> 
K (DMSO) T*yv^-r^> 0 &KCDI<7>10 0mg/mLDMSOjg«£*r. CMD*^ 

its 0 cd if&t-tjbr^-r^^^ — . h£r, DMsoi:^v^T7t hyr*/2:gii: 

^f:otyy7LTCDI ^ D^J7A^fMt5 0 114 r t . CD 

I S «Mfc 18E . IE l^ffi#^ff (tftb^, (lofc) 4 y a y< j — /u * / c (g:J^ 

) ^Fa^^^^fciiX^) ^^^^^^*ffi^»K^-^^4f5^f^^:r*fe^ct^^ie>n 

tl^:K'^5o Lfc^o CD I fi, ^-f^D^7^A<D^^4T^^-< — ^£LT 

V y ? x & . i^wfe^^y/^fR^^i^y^^^ - ht^c t^^ofc ( ig 
^J)5ift$rHBSM®?^(10rnMHEPES. P H7. 4. O. 1 5 M N a C 1 . O. 
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# ^ h 9 y ^ Sr P - 2 0 Otf^y^^^^t-jg^So 

immm 1 3 ] 

[ 0 0 5 3 ] 

WafffiS^^-JLtt^^^^^ h^y/OSii^CtS^^f i n s i t ul^^fc 

y b * is is 7 is 4fc) & - 7!)-7 ^^vulfeiaot i n s i t u 1? fi i~ 5 0 JS £ 

p > f^ > ^cf^r hy^fl/V^T^y (TEMED) ^TtflN, N , N , N ~T h7 10 

^^uv-t'^ (t^ y ^ 7 ^ > ) *^f<D^fiisiirffi^Ansr<h7j5T-#^>o as « *s 
«tt;^y v-t^x©8Ktt, ^Tii^fH^T-^^^ / — js m 

x v mm z ti&o ^ <Dmmfcfct±. & * h ? y ? & m & & o # v ^ — ± l J * * * ft & 
< ffStst^Sr-^ 1:^0 ftii:tibosii, y ^ v k (3 *r -r s g <t / * a <b *J >fl 
# 5 a» . ^fcf^gtt^b^.tT/y^vK^y^y^^Sfr^. £ ^ & 5 g ^ £ *i ^ k 

[ m m m 1 4 ] 

[ 0 0 5 4 ] 

^l^r tt$#?L^^7^7>^ byyy- 20 

* /H -e *> 3 „ sd^wiisw-esiKsnfcT $ ySfcfiTKy 7 ^ ^ 0*7 a*, ph 

t 7 y ^ t i , ^^uv^TS^raWK — JS** (EDTA-DA) ^.tr/yxf u 
y h J 7 * y£BS-«*« (DT PA~DA) 4 f W 1 1 ttt U - hftlil 2 0-1 

£Uo^9£M^T-#5^«=*-L' — h7 - A (^^^^TED^«i:t^EDTA) £ 7f£jE&^- 

[0 0 5 5 ] 

ft#*$^lT, xf uyy'7^Ey >i (EDTPA) , 1 , 4 , 7, 10-^h9 30 
v-^oy-^^-N, N , N ' ' (NOTA) , 1, 4, 7, 1 0-7 F7v/^ 

□ Kf * N, N ' , N * ' , N ' ' -ISS (DOTA) . 1, 4, 8, 1 1-T 

F77f y^ pt h77^y-N, N , N ' , N ' ' ' - E fffc f!£ (TETA) . 1, 
2-tf* (2~-T$S7=/**>) x ^ y - N , N , N , N * - E9 (BAPTA) 
. N , N ( tr * # ^ =*- > ^ /V ) L - U v/V4 ^^^I^r l^- ^^f^$r, ^Jt(f, NH 
S/EDC ( # 1 0 0 m M , 0. 1 M U > B_ ^ . pH7) (HSrffl^Tfettfcl, # A- 
*S^S&^ftfl_;bfcS_E« — SfcT S >" £ it 3 0 

[^i^J i 5 ] 

[ 0 0 5 6 ] 

y Ktks. K^uftv^s, hy7^yft»tfl*t5R/5ttft» <-r 

fe, RJSttWfe* RJSteli^. EJ£tt«6* RJCtf-SSfe*. SJ£ttJtfe**f) 

8. £K ^ n V (C i ba c r on) <O5 0mg/mL3r^^7Kiw*£8?L. ^LJg 

77^3 *W7 > y ^ n^y A}:jfraitgfo/j!SSST, — 8fc R S -fr 7t o y X/ > K ^ 

y^y^^/m. st#-7^^D*7^&*ty>^i/, i NS»»i:aft4issT, 30 

»f B Wy^ra><-hl/: 0 Jk^Slc^STjtyv;*^. iS^ft-^^n;*^.**:-. ^ ^ * £ 
IIIMl 6 ] 50 
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[ 0 0 5 7 ] 

^fc^^^^/u^O^Jfcg^rS^^^i^L-C^^if- ( S D S 5£ ) Ciottffitfc^, ^ 

<$: ( &} X. „ l£if^^ F7>, v/xf yUT^ / xf /U7^^ (DEAE-^'^r^ 
h 7 ) . «S * ^ ^ y v , #yu#*->>^A'7 f *-*h7>' (Ultfll 0i:W*Shfc4* 

^yjj y^ic, fi — j&t^:/^^®^, h D 7 y y , ^ ^ y K 31 — ^ ,u ( ^- * 
7^yg^/c(ixjjf^y k S ) ft if <7) --g-fEte (i£ fcte?£t£) s« tg f£ft-r s o f^^tc, 10 

M V) <D > 7 v ft ^ £ fc fi * fi ^ ft ^ fc * $ fc ^ tK > K * IS S ft >f * a 7J 7 ?r 
[ 0 0 5 8 ] 

fc£VW±. T^V^^^nyj^A^. * ^ V 7 l/fefc t > *c ^^<-- V / * y 

V ^ f-fZ * £ fc ft 5 H 09 , ^ h 7 ^ (iSSv^t-yu) -<{ 

3 h y A 8 ft ^ i S^/S^nfc^** h 7 >fe^±(7)7^f t KSOttffl-Cfe 

5o =ir # fftU: . 7* 3r ^ F7>^ty$iift (lO—lOOmg/mL) £: . 1M^^ 

i3 ^i^t h !) ( * f ) te^rT'2^f B H h L, ^Er^m. ^ft-^^^h 

^T—efeSW-r^o #C I- K ft 7* =*r :* h =? I/ * , 7;y$f:fi>f !i7;yv 20 

^^nzyj^A (0. lMU^Si, pH7. 5) y^^-<- ht^ 0 

[mm mi 7 \ 

[0 0 5 9 ] 

^ o yj =7 J*^<n Z ^ ? Wffifc 

f£<&&m&&m*rz> * ^s<? sc . &mit^<o ^ * xx* v # u -t * pi ^ 

fe^nri/^o cttfc^x^^xiT^ — ^y/^f i Ltii, y u ^ v a , ~? =r ^ ^ 
G, 7if^yKl*3 it;^ h UT'hrf ^yKi^tJf blxs^, *t fc m PS ^ £ *t ft 

£n<5iff^. gt^^^^o^^gB (Fc) <o»«. * ft tttt < # 9 «»/ = ^ & - 

y — h^fcAtd^TH*^^^^^ h 7 y/cs^AnbiiSc rtr^^/tf^^v^^^ 30 

Afi. ft** fci±#«»*«K*8^ £ ARK. S * ft * ft fc i** « -=e ^ — 7 * 

*i- « ^S^J S:^«-f « ft#ii *£#J i L r m fc ft 5 o 

[ 0 0 6 0 ] 

0. 1M!) y*Sl:Afttn-^y-x/^i/-^s : ffl^-c»«St5o ftv^t'I-iRT 

S > (7y m ffi . ^/U^/UT/Urt KT?gttftl (25%, 4 B# M fc 2 4 B# ffl) % V V ^ 
L. y7;#ot K!l KtFyn (0. 1 m g / m L) tt^^y/J y^HjbMt5«IE 
W^v^fCKH fcli7 ^ y^fcll t K 7 Kifit t'tf y) (HBS-EP^i~ 
lOmg/mL) I:i8*«>/yy^t5c 

[Hfi^Jl 8] 40 
[0 0 6 1 ] 

^ -Y * n#7A&m^5*V'<*«fi^/?Bft 

WSftflEffli^^HimftttSrW-t-S^ff^^-Ji, * ft ^ S uir^^-^fcii y K 

* ft <Jf ^ ^ fc S *S , - n t> 131 PS « $ tt ft v - o 
[ 0 0 6 2 ] 

[0 0 6 3 ] 50 
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9 - v y v <D m m 

n -e <o x s <o n m> tt £ m j& -r s c t r± . c n e> * — y * n:tor*iM:ntfc5 

o 

[0 0 6 4] 

S40rf ^ 9 - ¥ y hfc*J^i"*tai31i-«IBJBSrllFiE-e#5^ft< <>: t> 3 o (Z> * - 
<r tt * - y y h 

jSK ft ai ffl # . 9 - ^ y b <0 g f4 m £ M 7L X ifi Z> i* Si to * . Kty hj 

<D9 —¥ y MSfeSo — ^fi<^##f>tfti4fcSri. 9 y b lz J& &L £ 4x <*> -b gp * = 
* # * Srfl£j* L * IE b < t^ff$tvTV^ttii^(7)[SffI!ltrU^tb^^ 0 r<o*^;*#^fE£Jo 

. 5> #f *t > -^i:^)2-3 m L<D#«S*£ft3 0 - ^^Sti, i£ Ht fft 

« ^ b fc -S- 5 *i> E f4 » if * < . £j 4 m m 2 <T> Z — -y F f ^ 

y^o8ttit^4l:»it5:l: ( ^ * ) l: i 9jSfiSSn5 0 £ K: * * — V y b S: 
li^I^tfc^y^i^-^liAniitf, fi2 - 3*iLtf>f**Ste^3§b£^o b o 20 

T. if J: * *«Mtt Wte tt* 6±-C — 3£©* ^^>^**«rJ»»i"« - * 

9 Ik** * tt S o 

[ 0 0 6 5 ] 

-;uS) & «3 I* -5 JR T m (O 9 — y y h tl:JDISft5, "& tf> iS * , ^m^o^LWi^ 

> — h/u<73i5£-eit^4-#-e&5 ; ^T^M A L D I - TO Flf(7){£ig®^iSl:I 
At'^l^ («/MlF^^2mm) 0 * (D £ o iz <Di£ m n , ft «r fc: . if l^^t^) 

[0 0 6 6 ] 30 

«2<OHlfiffi«tt. S fa » tf « ? (tongue-in-groove)RfHw.fc9S£« 

ff ) i-£w£f±igff;F«rffiT-ifeSo Lfc^ot, ^ u ;* ft *s v ^^f^^-r^/c^^^^^ 
£ ( W £B ^ 9 — ¥ y h^r^u^-r^) 0 u ft . a«J**T*>a#^^««»f^Sr 
& X t t5 w £ £: 4# IE i" £ 0 
[0 0 6 7] 

« a« -e # * ^^ftajttwfi^jKu uy^^ffssn*, b a* b * # ?> . te^m^w^i- 40 

Sr «: ffl T- # -5 « ^ y — S *t ^ — ¥ y b <D m jft . *i^Sflil:R3t*et 5 i t"e*« . 
[0 0 6 8] 

Z-(D9 <4 zf<D9 <-¥ y b (O&ihmmte. 1) Efit4*ffiS«l:» Utt^/^Siiia 

»w »J f8 b . 2) 36«<atet6Sr«Cft^, 3) ^^T*. ^iilt^ f fflSca*^^ 5 t 

9 — V y b ^ n 9 — y y h ■ T \s ^ <nm?k&/ f&Tk&nm \t 
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o ^ * ^ 7 /u m « tt . ^^^r>-^ / * J: h llcfi^ix 

CSSt^ 1 ooi^lj:, f l^fffl-rtt-gfctS I t T-*5« C <D <fc ? ft ^ * (-r^v 
o»ii:<tst y^^RB-ewaik) te, f i^f 7fV ^ \Z1$\,*X & \zm & £ ft Z ^ t 
T^^o M A L D I - T O F # «f tt . * fi 31 i* *f » (Htlf> 535^--/^ httttyyu 

) ^5)ff?>hfc + y^^#-yy h «t «? tr n a* . * ^ ^ % m x z> m & & -r ^ fc 

of: 9 ^ *L tf) is » . ftil^^TOMALD I - T O F gfSffl C t ft]i 5 I 

S£ *S tb ffi £: ffl ^ T $ h \z m 'h it £ ti Z> <, b ^ L ft a* . ^-y y i5Ii»«f<ott(6 

[ 0 0 6 9] 

£9 **v^. ^TKttlftT^-^iy h ^SWI^SI tt^^, ^ ^ * ^ 7 -? u 

-fc * §: /8 "C . i^^^^^^^N^-v>|:^7K^S^^^^^$ri-^^^X^^ p n h^^ir 
85«S^*)5, cco^nir^Ji. l) 4 1:^54^-^? h co ^ ^ * — ^ ^ s 2) ( 
i&Sftb) DSPIwi5Bttft, 3) fl5*tt^k-&»^ffl*<b. 4) ^^-V^^^^r^^ 
T * - ¥ y V iS:B*^ y * - . 5) 8rlP44(Dgttft i:**!^, £r # ? o :^^nt 

<fct5:ttfc5 (DSPglij^Pir^^f <) 0 ^ W / n t 7 fi , C> 1 8ii*ft 20 
^ ffi Sr fE/*i~ 5 <£> ^ b ti it o m^wilfj;, * 3E ir £ *) m M, \^m&X $ Z> £ 9 K: S$ 

^^y^fcit;^/<y^-Sai:J:Dfi*Sti5, 3fc*w»r»ft&S:«<4'ffcb, M *: tf . D 
£ ft ^ » zk ft ife » < 00 * ff . ^r^h'W^U-^hB, ^^UV^^^u^h3RAX) 

c-i 8i^tBffi^it*^^ 0 n*tc* too ^ 7 * fc ttfe**w*tt<k-& 

« S: . * — y * h <^Si£;*>o^7kte^i£H <£>aH: J: 5 *f it <Sr $ h iz <fe % fz * l^BiM X* # 
& §: , r u- >f ft * — V y b ± K 7 7 3/ a. id J: 9 flfc 'h *t « $ * , «; «k b . ^- ^ * -7* v- ^ ^ 

[ 0 0 7 0 ] 

X &> 5 o 

« 3 60^^^J£fii^o^if >- Wc . iHfl£«, ftJ«^Kl»«rtH:*5#inS#l:ffA-C 40 
^ V* fc ^ ^ flc it S «S M ft i> (O £ Zs: £ («t!)iS»Soai<oj;9'>iS:iv^:^ia5 
[ 0 0 7 1 ] 

Z <D * ^ zf<D * — tr y h T' <0 J* (73 fc tf> ^ , ?fi 15 ^ g i C f It A b tl 6 * — y b \Z 
tttf Z>W 7^%0 £ LsX Kt y h j rf-fy^-y^ h Srff fit5 *K 5 0 
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Kft9rm\zm\>*bii. ±ftft*<D&M (lo^sartf) t:i^tiSMI ( 

— xa^sttft^s/^y^^. in s i t uR»i^fe**s:ffl^T MM <s *t s 0 c n 

tfcfi^-^'y h ' 7U>f ( it 4S * ii If m ft U ) ioJ:t>*^^P^^S®^^^tP. #< 
— -^-r^at^^h^-a^i-^o ^ * y V <D & tfy , j. ^ K ^- — if — ^ , 

m# (OMM* m^^X «( is - A^^t^-yy h«rR**Mfc-*-*w t ^ i 9 % i* |g @ lb 

i-Sfc*tt5fi7£^a6« j ^5fS:ft<i--i:-t s *>S. 

-Y ^- >- 5^^^ ® 

$e>»cte<DiiJ6flB«^*5v>r. ^ v v £ ii * — y * h ■ Ti/^fii, ^-r^^^m^ 20 

ot^SrHStf f ^f*^ (CMD) -ft ^ft 

SSOMALD I - TOF^^^ FyM:S<o C M D * — ^'y hSrfflv^T, & K ft » 
V Ii , m%tf>> b&frti . $ — f y htf »f t-5;S^5©l^l^?>ft«ll^*VK* 

8§ 3- > £ (CE) ^ — y y h 

cEM^ico^tfi, re »r is® l 7t ; mm %t * <o ^ & * ft 3- 'P Ji . 

(O^WVC) o CE*iS:fflv>5:il:J:5T/^yB^tyaoSi*li4fc, f VT'/i/ffl 

MALDI-TOF^^t^^^X^^ 0 CE*ffi<0 1||jfclfi«li:::fc3^-C* SOOkDaC 
MDC0ii^^Eg$r^t^ o 500kDaCMDfi. g^T-fCMD J: Hil^J^^ 
o^^^l^^tt^ 0 CMD^^l 0 fc° ^ /Wi . 4mm 2 * — V y h <D M ^ \^ ^ It X ^ 
Z> k mfc £ ft Z> « CMDGO^jsg^fi. £i&<D/ctf><D#)l, OOOe^J^^ffi^S^Wi-'S 
(1^13 0%W^;-7~f ^r^ h7y^CMDl:^S) Z. k & 35 iSL ~t Z> k , \ 0 -T / t /^<D 
3* Jft * ii * ^-^y M:totl 0 mM7/u* y fiw l ^ L - Sdiif till* ft 
£ 0 C M D ^ — y h (D&&ftLiL fteftt^y^UfcMtS^tSaittSrifc 

^t5fc*ir»«snitttitf4?)4^-e*^ 5o ^nbii, (o 

. 1-1 OmM) TT'/l^tfc l^^iDNA^^ ( &\ K. fcf . d (T) 8 ) S: /H V* T T A- 

ft Z> o 

[ 0 0 7 2 ] 

i^cMD^-^y h & m\<^ z> k . & < <D2=&mm izm ^ e> ftz>m'<%t&<om& ssb^t-c 

3SK:£»9£/iS;-rs;*A'*^---hS) £^®ig^^£9*#<T-#3;££fe ( ^ SI #J ^ ® (1 
0 — 1 00^-f^u^^ ^— ) S:^^ffli-fi'&»tIS<03gffl) ii . y h ©SSHIASr 

Tr # 5 u -< yu X \f Z> it ^ tw ^ ffl -C # S o 

8>f*yS!* (AE) ^-^y Fittt^-yy h -7l/>f 50 
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m 4 * >- ^ & (AE) 9 — ¥ v KSfcfi*— V ■ Ti/^li. @ffi^P>S^co^-f^^ 

A & , 9 lss< 9 «mfoiz&V Z> h'T tsJi'ffi.&t-}- h l) & J* (SDS) O # ffi % MA 

LD I - TOF»fftl:«(:S*Sil5t^-efc5o SDStt — «K.*<OMALDI 

h y y ? *<Dmf&^&wt£&£km&&m.%Lv, u * a« o -c * -s-v^^raaao — u 
(om-< ^r^\±. v ^m^ * ^ x &> % 0 

[ 0 0 7 3 ] 

^v^^jd^v>^tL^ 0 ^ y y *j ^ %t ® \± . m 3i -r 3 s ^ (ios!i*yn -e m m t>* h s 
d s <o b§* 5fe & m ft X m m Jj * fc i* & ^ *■ S m x * ft v> 0 r * / ^ ^ a- (dea 

E) ^mSfi. ^Hy>of 9HTfffit'^, DEAE$:ff*t^^l:3g(7)ii 
*ft-X^r— A^SpJfg-efcSo IS 1 <0 SB «i , >?xf/U7;yxf;l,7^y^EDCifr 
ft^^fcliCD IgttftS:fl^T 5 0 0 k D a CMDCS^$t5 : K*fc§ 0 K7)^& 
(?) & ^ #J ft # . *^#y8S^DEAEl:J:5S44fia^^S4:ttt)2>. ^ SB 

*^<DMJj <D!&m&1&0 t kteZ> 0 12^*S«, 1, 5-2;7^tD-2 l 4 — ~ 
hD^yt'y?:i^T^!i y^^SffiSrSttftU, v^^^oy y<k«*^ LTD E A 

l:: S 5e 4fc i" £ £> Id . 1 , 5— :?7/nd-n-2, 4 - ^^ h D^yfyS^ffliNtf IS 

< ft $ n fc „ u^tft#e>, *«fe*s*iS[-f-iprffitt^*>sjjRHii. gstiit, y y 

is y^ifn^gf 5 pJtgtt^ £> % *«WfcSfcftS»**fcK»LT*ffit£*ffifc»/ifc 
i~ 3 r <*: T- £> 3 0 S 3 *Mts * . yxf yur^yxf /UT> y$:CD I ^t^r ^r^ h7 
^■e««*ftfc*Bfcte***5Ctf*>5o *i*tt, CDI-CMDRl»ft(0«St 
*> 0 . T*-4B-ftv/||^tyS*ttS:*i:5i*i:**4X*iAitt5ttf "C 
*>So :^^li&W^T|j:, SDS<7>#ffiT. 4ft R ^ ^ ^ K S & ®> * M V * X ft & , W 

^ . X y *fe ^ * >- 3r ^. -< — 9 

mm 30 

o m k. . J&^^friirS^n^-fywi. * ft: # ^ o ^ y fc° >- 9 \z m ^ T JSL D zs Wtit ifr *F tg 
ft , r # y *^77^-t^xy KyDfr-f ? 4 2i^e*^)li^^t^5o 
9 ft ig . M * tf W ffi * * W * {:: # ft -j- 5 » j£ <7> y ^BMfcffl5te«:»0J-t-5B8 

[ 0 0 7 4 ] 

* <b \z {&<d mmmm \± . Ki^^^xx^r?- -tf (pd) £,Ev>3t><^-c<5b5o 

E * ^ »w J: t> , PDf5*<SI*Siifc^-yyM±, v>f ^ D f-f7^ fDNACS 40 
&m<D%fg i &$: % » J5U ft & 5t £ # * £ • P D ^4*SJCtt^ - ^ y h-co@^ii. * $ ft 

*i^BBai-sw*tt. **wic«oT--«Bi*(*:7 p n h ^ t # # -r 5 0 

>r > =3r a -< — ^ 

K»»?Hft i t i ^j:<ig^-r*^ii. m it is m . * v ^ ^ & 19 — # * h * (i ^ — y 

h-ru^_b-e) R«L^t^^ tx-fes, ^^^S (2 5-6 or) £ j@ x ffi Vc H 



(22) 
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ittBSr«x-5*m-eiiJSbfco m s » *s < > * fc « » -c * ( -t % : 4 ^ >- ^ x e ^ v 

^ x l ^ > ^- ; ^ O . 5 V K CO M S ; 120V) . ¥ — *£«^»f£S*t ( £ # S JS ft T 

co ^ m x 1 - 2 n l <d >- * m & mm x~ % . p^'y h * t- - 3 >-c <£ ^ -e # 5 0 
[ m m m 1 9 ] 

[0 0 7 5 ] 

^ <7) -< — ( 3 2 m ) 5* #r 

TSiSS^fc^^Hi^^^^^h^ty^Sr, '< y * ( 1 /< y f S !) 3 0 - 5 0 ) * ffi 10 
ftfbl, St * *Mfc L 0 M H § (0. O 5MHC 1 TMftPfl, BR) > ^> ?L t£ # ^ ^ 5> 
^ h 7 V & x StK h V t 1 0 %7 ^ / t 8 ^ h U ^ h yv7 y (7^K!I 

^^3y->yffl;^^-^r-) f 1 2iBaS»ltfc 0 & T ^ >- r6 S ft # 

p H 4 . 8, lOOmMNaCl) 4^ I^^METt 1 5 » ^1 ¥i fc c ¥ « « . 

» flff * £r x lSkDa^^Wfi^^^^^v/'Mfc^^^b^^ ( C M D , 7 /U # *fc . ^ 
^2 y -/yjfl ^ /n>^- * — ) io i: 1 - ^ ^ ^ - 3 ~ ( 3 ^> f ^7 / n t 0 ;v) -fr 
^ # >f ^ K (EDC. v-^'^tt. ^X-^^-fe^h/U-f^) ( ^ l£ g ® f£ 4> . «• 1 Om 
g/raL) Wi^^T'Iil, SS^RJESS^bSgSfM tto i£ £: 1 0# Pel tr < 
2 0»i: 4 0»lCSJS»^iB!l-EDC©2§a«Sj!lD^J: !? ) $"frt^b> 3& T b , JJV 20 
^Lfco fit** y^D y^JJI-, CMD-#att#7^»^ 1 0 0 m M y >- 

8t F !1 p H 8 . 0. 0. 5 M N a C 1 tll< !! Ifc. ft^t#fl,tt#7 

JX^T-h^s'^Sr* EDC/N-t Ko^v'^^v'^'f ^ K (NHS. v- ^ th . ^ X — 
y -JN -ir ^ h /i- ^ ) ( tK ^ , #1 OOmM) tl O^BSttftt, 77>f-r >f-aS^ 
i^^rfeit: h/3 2 ml gG ( D A K O *± , * y 7 ^ 7j« fc' V f !J 7) (2 0 m M S 

Ithlin^O. lmg/mL. P H4. 7) <h^Jr-T^^^-< — h Lfc Q ^^^K^ 
£r.HBSig®i&(10mM HEPES. pH7. 4. O. 15M NaCl. O. O 
05°asgiii!P2O) -e/SISiT-y w J: 9 tfco ~ (DMm^ * ^ * 

t£ «fc 9 . 1 . 5 L<Z)7*/ K^JI i-AiSrt^^^b 1 O— lOOpmo 1 3t ^ £ n 
TcS^^^r^^^^^ - ■ tf ^ y h^T^fdo #l 0 2 mT^^-T^ — • tT ^ y h . gc 30 
feX . tfii£m7E&. (HBSii«t4tt'§StKtia!)) '>4<i:t3*^a 

<£> ffcifc . {g^igitiJl-A^Lfc ; ~y n ^ T — if m 1^ T ^ (PIC, Protease Inhi 
bitor Cocktail Set III, Calbiochem, La Jo 11 a, CA) Ji . /3 2 m O 9 is '< 9 R ^ ft? <D lij 

sgtt £r * ^ lc -f 5 tf> Id jE |r ;&D x e> n o 

K : t h , g^-fiO^^TK (ddH 2 O) tft*t5wiia?)S6l/, ^ 

y^^^^^^fco Pco»JV^?S020MLfi$r. HBSifSl 80^L«^L, ft 
SS«S»i Utffl^fc, ^<7)ft#?££r. ££>KzK (MALDI - TOF»ffffl) Si 12 
H B S £§ til f£ (Sfi^^f-r^y^^"^^ (MS IA) 5> #r /8 ) tl OfSH^Rtfco 40 

: 4 4 . 7 /1 L c?) I: Fii!:, jS 3k # T > ^ s< V is ft> 4 9 a t> =7 J* ( Drummond S 
c lent if ic Co. , Broomall, PA) & M X 7 ^ ± V h ^ ffl fa fa h & &l V , 2 0 5 /zL<7}H 
BSiffiffi^i^l, 3 Og?01^^i ( 7, 0 0 0 x g \ZL X) Lt5fA8«r- , l/y h« 
l:lf; 0 5 O /i L-S^iOlif^, 2 0 0 /iLOHBSi:E^l, 4Cf:gSS:MS I 
A ^ ^ ^ ^ fc ; — ^ S ^ . MALD I - TOFllrd dH 2 OT-£«b \Z%r%i (1 0 «) 

t h^k*^^ x MALD I - TOFl^f:liMS 1 Affi^iSCd dH 2 O^fcli 
HB SlIST'^tlf til O 0{g{r^r^Ufc o 

R : t h fit* % d dH 2 O-Cl OOg^|^l:J;!)MALD I - TOFil:iS!L ; HBS 
ilit^2^^^|j:MS I AfflCffl^btlfc, 50 



(23) 
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wm&fr&&^&)m7£m (ms i a) 

MS I At*. fl^P- 2 0 0 -7^^nbV^^|^TS^ 2 mT^H-^^^" • tf 
y FSrllta^gaLT (ft 2 OH) Kv^ffiiSCi:*-J:9*fffE»-ov^T|IJ8i$tt]tp 
^ ^ ^ a — ^ > — g ^ « % 7 7-fi7>f — f^y h Sr 2 m L W H B S g»$ ( 

ddH z O (^tftjfillfelr^^t) 1 mLT-y >^ tK y v^^i^J^^l: 

M L-f»i<7)-7 h y y (1 : 2. Tirh^hy/U: d d H 2 O , O. 2%TF 

A*(Oa-y7y-4-t Kn^yg^i ( ACCA ; Aldrich, Milwaukee, WI) x ( ^ << 

2 7 A^rf 3^)l:+5)^) T v ^ ^ ^ — • h ^ Hiv^li^ : i {: J: o t , {£ 10 

«Mfc-&«£T:7^:=- ; 7w — • t° *y h b ^ ft u . ^ -e . ^hys/^^/smfftiS 

&m*X. IgMALD I - h _b H ±£ gf £ *X • MALD I -TO F f id 

#r . «*»#rW«:ffit^-C3lltUfco ISt5^ glli, 2*^-^3 Ok-V (2X1 
cm; lSkV/*^ — v?) »««iii««:JB^T. V , -f^^tf-fK-^ — ^ ^ S: 

^ tP 1 . 4m(D77>l' hf OAPf^llI$tl^ 0 ^ A- :Mb N 2 If — (3 3 7nm) £ 

T • (Of ^ * ? !) — Y ¥ 4 / — K • v^f7 p 7>f7S:iv^TfttiJLfco ^ K J4 , 

»|©tyn^3-yi:|^ti*Oi/-f-y3 y bif = Jit 31 * <E> L" — 

^fi 20 

f^SBS^:^^^ 2 m (E/9 2 m) . h h /3 2 m ( H 0 2 m ) t Sg SH4 »5 < ( ft 7 5 
%E»«Htt) , HJ 2 mt©Iti (MW E , 2n =l 1 4 0 2. 9;MW H32m = 
1 1 7 29. 7) j5S#«p-STfE-C*>»?. f «l:Af T't5:t^5>, ^S^f^^SmtbT 
M *x 0 (fe§ifi*^S#l:r) frj»«g«:«fit, ^ a 5r T — * S. « 3H # * :r ^ -e S 
*,i;j&lLto mm&<o&i^k&®>& . - efe ft £P ( 4 <C T? ) -T^r* Id 

ft^r 5, 0 0 0 x gT*5»BS^»KIC^Itfc 0 Sl:«Sr, 10-kDaMW*yh* 
7 • 7^^^"C2 OfflFifib, ^0:7^/1^^^ (4tfc<^^^/U*/2 0 0mLJ£) S: L, 
THB S ^^tTSiy Lfco 2 O OmL^SrS^I^^ll:i: , 10mL<7}j3 2 

«*il*:H0 2 mOSS&|gjfiLJfcoSft^Si*«o^S:. 1. 0rag/L§ffH^ 2 m 30 
*g <0 O . 1 m g/L^IS-O^Pg^tS ( -T * fc> *> . HBS^XO. 8. 0. 6, 0 
. 4. 0. 2. O. 1 ) Hi: ; O. lmg/LSaii, *S^»2fiO»I ( 

O. 0 1 — 0. lmg/L) H^^f5)-<?)gpgW^^^^ff^i: Lfc 0 £ fc. H /3 2 m £ 
^■^"U^v^^^^^fS^r^S^b^io MS I AjS<^1*-:/^ p ^3r. ^ <D # 1 0 0 /i L£r, 

1 0 0 /z L<^4£#^^l££ 2 O 0 /2 LCOHB S g«K i: H 1^ t 5 C Hi ^ISLfc, 
MS I Ate. ±E^t43!3#/r||iiLr, E £ 2 mio J: ^ 2 m^y7^|^)p^ttaibfc 0 

1 0 S 6 5 \s — If —5/ 3 y hMALD I - T O F ^ h/U^r^i^^^/l-^^b^^. # 

F/MlIftlOl^^Sf ^bHHf: 0 yttffl^)±S 5 0- 8 0 %^>f^y>'^ 
^ & m «r b , ^>/3 y hS:«aft*-&SC t Sri8tf5fc*H, ^ - * ® * 

tt ffi £ §: & o 0 *^<? h . ^<-^7>f y»»l:J:?) 2 mv/^t/Hlfi2pjtL, 40 

H 0 2 my^tyHrft^lfc, ^i^l^Pffi I: btifc l 0S<D^^^ V ^<nlfe9t*:WQ 
it U % l^fffitfCo H 0 2 mil HMt^lp^IliClftO^^I^T-o ^ 

. 4tHftaitfCo 5)«ril:l^l:5^p B 1 (5, 0 o o x g K T ) ^ i 

ttm^Slr^^UfCo MS I A^OiiHio^t, gtyT'/UtO^ 1 O O ^ L 
£r . 100^L^^#^^^£200/zLOHBS<bH^^Lfc o d <£> #m 14 . ;gl p°d &r t: 

Fgf>y/H:f iS:iH», ^tI^ff^l:ffli^nfc^I^-t'fc5o ms 1 a 

. mmm^mx-mm $ tut t & y mm bfc 0 
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9 i? ffi b Ac „ ;* ^ y — yof ifi, #ffcfflsf-#l-5^»*W^'&ft£ffl5£u. 4# ^ ft 

, * « fc M^<7)M A L D I - T O F ^ ^ h A- £r tj* L * ^ ^ h ^ li M S I A * i£ ^ 

£ftfcfc^$9£^1-o iRa^fffi-rsKaitt^^v^^frw:. maldi-tof;*-<^ 

h /I' «: 3t E i" -5 : y V" ^ — A ( M W c a , c =14, 696 ;MW Q b s =14, 691 
) fcit/Iffi!) y y (MW C a , c = 1 7 , 4 4 4 ; M W 0 b s = 1 7 , 440) 0 

i<D^y^/f KV^t/Hl, 2-5 kDal&i^^l:, S^)< |3 2 mCJ:5ra/z = 

1 1, 72 7 D a K ^ S ^> ^ ^ ^ tf 5 ^ $J £ ft 3 <, MS I A * ^< ? b /H± v 51 *^ ft ^ {ft «p 

^ 2 m (MW C a , c = 1 1 , 729;MW obs =ll, 731)^^^^^-^ 10 

bte, #3R t hikf ^MAL D I - TO Fioi:l/MS I A^-<^ h ^ ^ i~ 0 I&L S ^ ^ i± 

jfajK^iaa^tif^^ii^asisnsi^^. MALDi-TOF^^^h^n, r /u :/ s 

yi*<0->ytyHlj:9$E$n5c I«7)]:9ft^m/z ^^t;^ffftt^^, /3 2 m 
4f 12 « SO <5 ft ft « MS lA^-<^ h /M± . »Rftlc<fti$snfcfl 2 mir J:^3lv^ 
y^t/u^/Tt, 6 2 , 3(Offi<o->^^yu$r^-r o B2 ctt, * IR ffi 

8£ (MALDI-TOF) fcil/MS I A ^ y/^ f^^to MAL 

D I - TOF^-<^ h A- fi , ^/f KSS^f t> I to, 1 — 1 8 krDaj6B<0#»0>' 
^ -J- *• ^ L ; 3 2 ml£#j£-r3->^'*-A'tt«iHSixftV> 0 E^^y >^/d h^/i-^-ffi 
l^UbnfcMS I A ^ ^ h /M2 . iSiRfttCltfm^ftfcfl 2 m:fc3j:tl<#«0>ffi$i' j y L «* 20 
Bl(0*ft«ftft^feia5'>^t;Hr/Tto 0. 0 5% Kry/HSSt h y (SD 
s) -e^^i^jn^ y y ^ i 9 , hbs J y^t d dH 2 o J y^i©IBl:4*ftSJl2o 
MS I A»$r^SIl/c (i2 c) 0 SDSUy^lj:, {£St *y »5 
^ o it ft if % $ 2 m-y^t^wJtMLfcjS^tLl:!!^^^ h » -r 5 ^ ft b tf> 
<SCf: 0 82 dfi, fchS<D#WA*fe±U**^^h/^«:^-t-o MALDI 
-TOF^^^ Kf «t#ft©«y^t^S:/TL, 0 2 m ^ /M± # 3E L 

ft V> 0 MS I A^-<^ hyUi, *#gfi<k^»^2, 3 (7) ii > ^ /V £ * ^ 0 2 in > ^ 

[ 0 0 7 6 ] 

y ~7 4 =^ "t 4 — • t°-<^ Mc^^£ft£#?Lf£;tf^;*#^ h7yyii, 4Li£%t<D x * y - 30 
D if B fi . 6i<*:<0^7 5/^yv^^ic1gS<D^t>f+it^ (#yu*~yg£S) £^r-f-6;*:#ftgi 

*tS*ffi«:»«Lfc 0 ^<D^m. 7 4 4 ~ • tT ^ * h<E> St tt « * % fcl # <£> §S f D 

ftb^/5 2 m^ig««Sr»ffii-450i3H-»i-?-5<6v^-efc5. £ fc . M 7k l£ ^ ® £r . tK 
tt^^-^ttiRWa-e^ y v^tcj: t? . fcv*T^o^#*ftJ£^ft:^»§:^S=ftv*J: 9 2fe 
i#-T-#<5o #?&-y-^:7 p >'i'&r&&^-C. MS I Ail. 0 2 m * ^ 0 v/ ^ t /i-lrEej W /T t ^ 
^ ^ . *iifJ:<WBEftK*^-<^h^Sr^bJt 0 i$^^!J-y(?)SDSSfc»(j:, ^ ^ ^ 

*5 -c > rn^oft^ft (yy^ — a, a - ^ ^ ^ >- > v N t^^t y«h in icj: d 

PJ^^ftfc) 12 . ^11 060 P I HBS^^jf&O^^g^pH (7. 40 

8) *5 £ 4t ^ fi (ISOmMNaCl) Kcfc^^ig^ftft^m^ffiSfE^ (Iffi^/^ 

v- m t <r> ) ic£%&n%:^v£-rz> 0 l # o -c . *e ^ ^ y — y-^, ftl^lg 
£ & ft 5 » . i^y y^^H^it ( « tf , KS^^fcfi #«#©?£*£#}) £ n & 

» *5 fc 5 o l^l^^^ *4**»ft-&«lO#«E ( * > ^ ^ ^ ^ -T ft tf> IC ) 0 2 m (7) 
Hi/i^f ^ ^ ft < % 4^®ftft^T-WS^ibM7^ii:S^tt5^J:or^)^$ftfc 

JEM 

MALD I - TOFS:ffi^S^y/^R©$i(i, #^ftu — if-^Sfc.tt/^^f^^^ 
^tyy^t/i/^jgBSrSISjBitfy/^iBS^^^y h - ^ * y h^*S»Sr«9>t«> 
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ALD l-TOF£ifl:*Sn5J:5ft) Htftfitn^, u — If — IftBt/^^v 

<k + ^»w»*»^sflao^»^i-5rtffls**s — »^»^b^^ 0 w <e> jfit k * # « . m&i 

#v/^ffcE««Btt«r#t5rt»IflS«:lRt5r il:i5MS I A * « $ *t 5 

» . KIfit5c**w*^ejaE* ( #J a: tf . 1 5 N * ft tt 1 8 O ) S^ti/c ( m 

C) S ft * * « * ^S^^StlelC^^^^go u ir ^ * — # % «W^>-^^«*5«t: 
(/rtSSio^^^Ji^t'^ 5 i , MS I Ali, mz&i"± zf * — ^^H^rtVyT't 

[ 0 0 7 7 ] 

Cir-e5gtfttfcrtSBa2»«. ^ ^ 0 2 m ( E 3 2 m ) h(7)^JSfe t 7 5 

%0+gfRltt^Wb, H|3 2 mt9tft3 0 0 DafiV^ ( U Tz ffi o T . «te . miSlGO&m 

I g G <b H /3 2 m ^ fc H E ^ 2 m i (DB^ttSUiSftOT 5 - ^ iSfl b 4 < t t , ftW 

ate. 0. 01—1. 0rag/L^fig81tH^ 2 ra|p D p(7)MS I A^ff^lt^^^ 
h jv £ -T o E^ 2 ra->^tyui:l?|ft^f:#^^^ h/Hj:, &ttjSHtf)^fcl 0 
1065U-f-y 3 7f^^^ h/KOlo-Cfe^) 0 H/3 2 mlSH^t ^ #ln°p W 1 0 20 
@^S?fcH IS 2 raa^fi?^^/D MT, B3bl:^Sftfc»i«tft5o 7* — * 
(75 — IfclaJiS^^^^^^^t-J:!?, S/N> 3(Z) 0. 0025mg/L ( 2 1 0 p M ) O 
»ttSf^il(K**5J:t/0. Olmg/L (850pM)^^S^^T-. I H a 2 m X I E fl 
2m =4. 0 9 [rag/Lt^Hj3 2 m]+0. 021 ( R 2 = 0 . 983) Sr^So^fi 

1 0 fefrW fr* ^ 4A^&S6tfc : *tt (3 1^. «M;i^V^/i-l«lfls: (F3 
1) ) . m& i 3 0 zf ; 20l:j?fc9fy^4«* (M30) ) . Ute (36^; 20 
tbfcBf y^2»* (M3 6) ) , (44^; 2 0 Icfofc 9 t y 3 *# (M 

4 4 ) ) 0 * V ~f )V & « ffi I, 8# . #A^X A» * SJS^ffi -C *> o fc Q lO^f^O^-^^ 30 

t'^^MS IAtcJ:5e*Sria4Jr^-r o » , # U- v /K'ft£ £ tt fc 2 ra ii ^ £: 
^ b . QW^k-h^^K^^? h ^ fi . E 0 2 micS*'(b$n7t^tt J PiX<OH/3 2 my 

£r ^ ~T 0 1 0 t^^»f y/yKcif^T - * te . 0. 1 0 0 ± 0 . 0 2 1 m g / L (Hi 
gh=0. 1 2 7 m g / L ; Low= O. 0 5Smg/L)<7)3 2 m^ 5 F^SS<t^bV> — ft 
Sr^-To i£ # #r £ . *3S*i«afeS:S*tit8 6^0lK»ici4 (F8 6) ^ £> *H ^ 7* 

6^)^ 2 mIS (3. 2 3 ± 0 . 0 2 m g / L) & IE m \^ m ±L -T Z> fc £> \Z & Ml &) 1 

ms iA<a«*3«*tt«fcBtt:* BL<p\zi?&.i,&2> & 2 m<D^mfc<D%£n J tj£m&-*jm^-t 

5 o f Rfy y - i?)ilV^^Sii ( A m = + 1 6 
IDa) ^ /3 2 m^^{c:fflbb$nfc 0 ^ <D S li , SS^flzmO^y^^/Mfcffc ( 1 o 
te^^rV-^) -e fo 17 . F 8 6 HtfeSf tSSSn-So O 5 . F8 6 ( 2 0 {g 3r |R ) 
*5J:r/M3 6 (^rSR^L ; it « ffl ) (?)^^ b ^tlfc 2 l£DM S I A * ? 

^ ^ ^"o n^>/M^ 2 mOgSll, M3 6 J:9 tF 8 6l:i3^-C*tl:*#^ 0 

[ 0 0 7 8 ] 

K W o W ?E -C tt . 3y/HkH3 2 m^, *aftiK»«-eK — / Ufcikflf^IgMAL 
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^ <o mm ct u jb m <o as m \z x r> , mm? * ^ ^ ^ ? ftm ( f i t t i ng r ou 

t i ne) F4 % 1g ^ <D H 0 2 m ^ !l ft O ^ t ^ ^ o tl 4 ^ * H ffi ^ b tl , ^ir-^ 
<Dm& & . g- IS ft « Jg tt ( R 2 = 0. 8 8) 0^g^^^HIir{£ffii-5fc46^. fr £ /3 

2 miiiiit itv x f: 0 u ^ u # a* <b , * w m « ^ $ ft ^ - * « . * u < a » -e . ^ 

BflLTf^HSJxfcte**!;**. ^ y =i *> {fc i3 2 m o JK ffi ft ^ fi iw E SE *J ffl T? # 5 *M4 Si ^ 

^ft:a*^*L^^ ir^^s-eftSo 77^r^Jf i;^itfi, 

7 ^r>f-Sf»jKJ ^p-t^Stftli, BiEi^SRJCi* ( H & 2 m £ E 0 2 m (7> 

ttffii^i D^J^$n5<t9^) £^L, ^Kt, 2* 2f O H 0 2 m ft J4 . Sffil?a*-Ctttti£ 10 

Sl:Kf5:i:l±i^fift', ^ y > ffc 0 2 m ft (D ft ft f4 % fit fll ft * A 

b^^ty/yU^W^^S^ 2 m^am«(:Hi:»g(D 0. 0 7 2 mg/LI:*Jlt5J 2 

[ O 0 7 9 ] 

rt> $> -f\ MS i Al^^t^^^tlfcf 2 m <0 ^ ^ J4 . Iill^4ij5 2 

S^o^^i? UT v>T . fiSjfl ^^iDitfz h (OX f4 ft £ 5 ^ £ ^#lcl5t* 5„ U fc 
tfS o T . MS I A f4 , S^^W^^^<^^{H^ft^^®S'JT^ftV>MO*ife^^^4#SUC0 
3flJ jK £ * L X ^ 5 o * H -C , Jb # L fc 0 2 mggfi, jfc ^ ^ <D — |£ fft ft Jt« £ b T /B 20 
V ^ tt . - Jj % J 2 m/y 3->/Ht:l±, ( #J X 12 , @#f§§iS<7>T^o^K 

v-^fC^ili-^S^tt^y^v'/U'^S^^^^ (advanced glycosylated end-products) 
) <!: §§ il L . MS I Aft, rtib^tio^^HTSrttatflir^i^j: 5i;u % <j#^ 
^/<-ft-7 - # — £: # 5e <0 S K . J: jE fit o ft 5 S£ * t ft § „ 
[ 0 0 8 0] 

tiiig ynir^fi. iO~lOOp^e/v^*^^^^^rWU. — * , l!j l 

»Bikli, 2 m«St+»l:A^5 : t iSflofc. £ «b M . r ^ ^ - 

^ ^ _ . k - ^ ^ h^ffi^N^^ 2 m <7D^^^ftM^I4, ^>^y>^fi£r@4>£-li:fc ( 4= ft 
il 0 0 L*l) 0 £ b Id > ::t*ll^ix5 77^fy - • 4 30 

104**^)5 t>3t#*»*ftfi**»if**f, 4 # B { « ffi ) -eSit»«f±«)B 

# £ & Vt US A b ft ^ o fc 0 
[ 0 0 8 1 ] 

MS I AW^Ii^li, \z Wmi^m^ £ ft Z> 0 ::tl^^f;^ 2 mCO^^iSIS 

(O. 0 10—1. Omg/L) 14, ^rcOft^Oj3 2 m»ft$:&5CO^ + 5>"efe5o & 

# ft m m tt a* . m 5 % mm m x* 2 -z> <d i o m fa <d m (r 2 =o. 9 8 3) ± x m & $ 

ix5o ii^ftS^«p a p^M^t4, IS4£ii:ioti5tfe^ * Hlfi« *w *s P 
^ ^7 !>v Klftt£f)^t (gffiffiJ; 0 t>S^»«fff^$rJ: 9 < SffitSfcft) % 

[ 0 0 8 2 ] 

y— ->-^^9Ef4. ^ ^ ^ » ^ ^ ft ^ ft z> & if \z. f4 + ^ »n m ffl fc» 
o X v> ft v> ^? , If y/yu^) J: ^ ii^fyZ/K'ilg |3 2 m SrEaii0£*a«*:£it 
5 _b t? M S I AOtffittSrM/TLTV^So :^/dv?x^ M^I i^ift Lfc^-^ 

sf^htc^ 2 m(D7E&mffiiz x *) , ^ s< ? w <o m n is t z ft * n m. & ft ^ p 

2 m(0|-->^t;M^y^4ofc (0. 0 2 %J^f^^^^^ll, E 5 2 ra'>^t^5: 

m\>^ z ^ t \z ± y ftnxffijEZ ftti*^? b a, ; m 4 mm) . s^p^^^s^^f^. 50 
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3Z<DMmmx* £ thtz i> <D t-SU * L < — 5t L fc 0 2 m « ^ £ ^ L o SIHt 
. @ * « tS <D < ft * A *=> "b » 5> *t fc R * V ^ ^ l± . 4> 0 2 m « £ ri* * L I* it *D (^J 
3 0 iS * * V * ) £^L7c 0 C <£> m * , ft fi ^ ^ ^ h^T'tg(^^ttiT'# 5 0 2 m^^W 

: 1) SFttS^^^^flT, 2) «ett#S!*fctt»IR««^lrJ:D#tti-Sft**. 
£ T- & 5 0 ^ © I ^^^i^Cii^t , ft M ffc I* , J 2 mO^!) 3i/;uft*i:i / T+ 1 6 
1 D a 0 * ~> 7 h tw <£ 9*fc**K:lR]:£SixS ; Igft^Iia 5lEI*li, Ify7 
h *S V*i*iX0y — m.m&m (i" ft *> , [TGG]-[GGGK J£ T r p - G 1 y ; dm = 
12 9. 1 5 D a ) ^?)4CSf hi U t t*Sft{:»^ $ L rt> b 10 

4#b, *fi»#i©e*fc lT#t4«i->7 h (> l 5 D a ) SrBf*i-a****s* 
v :T # & b ft b . -t it 6 tt ^ !J = yu ft 0 2 mi: t t $ ixf: T'^ ^ 3 Q 

[ 0 0 8 3 ] 

* S ^ , * o m s i a -e ri , # *f is a* ft 0 s& ^ u: , tt»WS&tHfi*h5we N ^co^- 

*tt»«ifeOffljgftH16^^»^1^>^yu^W*w»lc:aSco 0 ^If^SI^CJ:^ ^ T 

ft ri 5 ^ B I- H iS X # 5 ^ AftH3g«)pI«gttdS|»^tt5 0 O-bf^Xl^fLhcDjjfe 

£ *t . § it ft $ ix 5 £ . ^n^ii, ±&Wi<D * ? V — ^y^l:f ai:jCfflt5 I t 

0^#fHffi?)t l B^rt t-plfg,!: ^ofc (04. M 3 0 Iz. ^ -f ) 0 r <0 # #r it j£ fi . « « If 20 

sit * ^ ^ ^ m s a> r» iff * -e a* « m \c n *> tz. <d x fc z> 0 u l , istyy;^i 

oor u-fft7^--7 7 Mr s it A *t 3 3£ ?U h^r-^a y tSi^fffl-iDtii: 

^77^t^-' tf^y h^f^t, mmicoy- >- y si- & mm\zmm . mm, «< >- * 

5r #r ft * — s/ h • 7 1/^1- ft $ it 3 0 

B7 a^Riryfe>f v'^fAtt, i o^±(o*|g«7 p ^^T-v' a mm * T — ^ 3 30 

^ - ^ ^ — • ^ ^ ? P^yAl^i^grlV^^ (n a s c e n t) jK##r*fA*£>y-W - 
yu — ^3/httai^^>^^^X^^ 0 ^U;*^— VgVte. i^-^^yi-lt^^r^^U, ^ u 
17 — ^X^ — > 3 I/IS XXJfttix V — ? ~ > =J ^ mm (O fz. ^\-Cj^L^ ^ ^ y J\^T \s ^ £ 

Xfi* — ¥ y h <^Ifift . mm. m^*ft o * Aot<^4ftiSilo^t, ty//u^f S: 
ft 9 mi: it»4fl:f yy/u^-fy ( Jfa. «E . S , »B i& « S£ ft if ) ft if (O * $0 O * > 

zf;\"<7* — *, &m<Dmm. mm, ft^«^7^^7 p D7^v (ph. ®^ftif) ft 

if # * S S 4t . g^tb^^^f^-^lc: J: % it (O fz_ ft (D *f ^ ^ ;u ^ m - 5 ^ ~ * h 

» *5 «t -t tc jR < « »ft i: ig «J »^ J; 0 , ^^^yv-j^^b^i^^^tifc^^JSii^^^ 40 

— -F — mwL) sn> $ ^ ^it^j ft * 7t (ph. nmm&mvmm ft <jf ) ft^o 

fcit/gSt^5c rr-C, PI^bftVN^^ @{$:^5t =7 4 y ^ . 13=7*. #Mft 

if) % te&mm. * - ? y h k~ <Df&ft7 U4 tfj&f&is isit;/* fcfii«4ru-f 

— i: 5r S $ ix > — ^ * ^ — iy a >- — t %i m £ tl Z> * 1/^7 - y 3 y^ h 7 
•>7'^7l/>f {iBfe/^jS/ty/yU^^-i/a V. W SB ^ ^ — 3 yiaotT^t^ 
£H5t^. ^fcri^v^yu^SOfc^^o^ffl^T 1 — *y a y^^rSElSiiSo 

[ 0 0 8 4 ] 

7 p u^7-y a ^ X ft fr, Z> &±m <D M t LTIi, Rj£L4^^, ^^Ltt^^K^^^^rT 50 
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ft if ) > ru^sfg, it^&i/mmnm ( n ^ a , at is pi , « <jt « si . at « » , ^ ® 
e » . a s *] ft if ) . y > immm. « *e * ft *r ) . jk • * (MALDi-^hy^ 

^ * . «KX» JJffiSttSflftif) *s £ U^tfr * y hi^v^tfrbiiSo 
[ 0 0 8 5 ] 

T ffi M » K K B $ ft Z> o 
[ 0 0 8 6 1 

fy^^wEWfi, 7 is * t — > a y^?>SijMI-^ffi^r-v/3 v — i: B Id g £ n 5 0 
^ ^ ^ — i> 3 >- a . ^^Ct^ti^fy/^^ii/f t<7)5j v ffaf t : 

5T'fc5 a -USS^figt-iS^T. »^ K7 y/7l/>f©-»ttf ^^^S-CTif bit, ^ 

<^*B5^ffiKSixfc«¥Pi4u-fe^^— * ^ ^ S: » ^ h 7 y ^ 51 # i£ tf 
i: . ftfntti/t^^-^ J: 9 ffis6Snfc»£<o»«f»*»(OV^f n^HStttSo Tu^ 
**] <D # # ^ h 9 y 7 tt . 7i/^rt(Ote(D^f h7y7©afDl4ut^^-ttt*4ofca 
fottuiry^ - & # U 3 fc tf> . — 0^fcttSftofcjKff^b^S*<0»3E^«f>Et*«J 20 

#iA£Ht#3 0 +»ft«£»ff»**S:7i/>f rt^ft^ h7 y^lc ± 9»ffitfca, £§9 

l£JSi|g«^ay:';*xa£ifc5£Lftv^i:fcfc5) o *«W<k-&«Srftv^»ufc^, r 
^ >r — *a 2 ft m & sa.it -r z> tz. #> ic 51 a n fc ^ ?s k . }tffi$nfctt^»^Mt^sr 

tt»l:Jt»ff©fc«), iE»«J8i-S^. £ 7c £ «b K , Wx.a. »*tt/Mfc¥»4f«ift 
if (OtoSltf) 7c 46 K Hft IT ^ b . ^l#S^Tf t»*(f^fci6}:iSt5o ^ 1/ ^ x — > a 

»<E>«Bfir *«fc*ffiLfc«rJto#*f#*4fctt, tft6H-^y h ■ T u 30 

[0 0 8 7 ] 

07 b Sr#ItT, ttffl^^ — >3^<^fiFigftSg3fifli«a$^^. F7^^)7i/Y 

/i/Kit §BSf Kcsiuwinii, :n # * to * *r — > 3 >- <o n » # -T- h 7 y 

7<07i/>f itftlfiirt^t. v^f^ d*7 A"7-7^-yuK<oftIftIliri, E^l ( x 
y) £7cteP37£ (El IE) *>#»i:j£0»£o fcSVMi. «ffl^7-v/3 Vrt©7^^n^j 
^a^^^^- — /b Ktt»Jht, &l ^ ^ ^ — -> 3 vji^^f- h ^ y y <o T u ^ o T l:SEfi £ 

> (Dgamtfimmte. a ^ ( x y ) * 7c j* n ?F2 c 0 e ) ^iii«9»5o ts h & zm&rn 40 

[0 0 8 8 ] 

SlftUffiiittt, 9 v V • 7 u^fit, ^>ft< i: t l ffi <z> * — ^ * h • Tu^f^^ 
WX't^ff^/Sa^^ — > 3 v — i: SSbWIdSIdg^n^o ^JS/iSS^^-^s ^fr 
h . 9 - ¥ y V • r W fi. ffiS^^f ^ -<-^^^v^r. «^ci^v i: i ft 

[ 0 0 8 9 ] 

i»fls«*»«tftt, ^^^5>W*f^^. *fca, S5»«-e»iBSnfc«iHr7 7 ^> v h 
T'lfe^n^c -^v^y^Fal^. 4fcliS9^boS*iBK-e#5 V7 h!>x7^, 50 
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# ^ K: BS # b . g£^f#)£t/£, S ^ £t J£ . ^ -J- R . ^<??ft&^SJtS*if«o*ffSl-*C 
5JMfcSJk*s i"<*«Hfl:RJ5a>^teH«:^t?. 1 y ^ r A it , Jt, & 

**ft^»*a£ff^ L ^i^-^yu^ Sr^tfo * * 91 <E> H ffl ^ *5 r , * * *> 5 * 9K 91 

v< * « « £ f£ « . gtiSi-^fC*S3:^>Sl . j»JnA«-ft». Jfii£^JS. »9 

[ 0 O 9 O ] 10 

«*##M::J;5##f». ^-^7 F • Tu^flif i5)lfl:l< fy/;^!, l£ fc £ ^ 

[ 0 0 9 1 ] 

^ ni ^ y bsmte 
immm 2 o ] 

[ 0 0 9 2 ] 

msimm/mz-ttrt (^m^ tznmmmmx) ^, a*p-2oo«p«tT'<yh-r 

Z7 j =l t j — . fcT^ j, h (Hoggins Corp. ) £ & 9 7 ^ f -f y ^ 9 6 7 y^i:8«S 

-5 o ^©7 y ^116 ^f-^SiSl^^T 1 - >?lJi— iffi^ai^tt, « ^ 0? * y ^ y 
^^ig^isJ:^!; >-*S8£Sr$W-*-5^-f ^ n * ^ * — ^u — b £: iS b . S: — y 

?u#^j±^(DiJvyv y^ii, i ^ x o # o . lOMy^^-^hy^^M^^. p 

H7. 8 t(7)2 5%^y^/U7/U7t K ® 1 1 0/zL^^-^-r^eS2{C^^,96^in 

X iy ] J is ? \± ^ — > s >- 3 (f2(7)9 6^xyKOY^^D^>f^-7 p l/-h^tt 

. 5 O T'i^jnSlSBlOHBSgSK!)^^ (1 1 0/i L/^xyU) 

«: & S £ b . ^niii !9ffl«6i»3S«a^igttft* jx/D (K^#B 1 0-20» 

) £: b £ 0 ^ ^ — > a v 4 (1^ 5 O 0C»^f PiJ^I) TrO***^*!/^;*^ ^/^;U7 
^7fc K"? M y^^l©gttft7/uft KSI1, ^f-V 3 y5 (0. 1 ~ 1 m g / 
raL. 55mL/^^/U, 1^)2 0 OlHli^) "C % Rft^fcS^^^^Ktt:*^^^^^^ 

— h ^tl5 0 * v Zf !) is i7 Vtefr^fz ( iS HI ) ti # . ^ ^ — ~>a V 6 ~C H B Slfi ( 
lOmM HEPES. p H 7 . 4. O. 15M NaCl, 0. 0 0 5 %f i^tSlP 
20. 5 OS^SSK^I) Srffll>fc»Sft4y y^lc j: D »*t5, 

[ mm tt 2 i i 40 

[ 0 0 9 3 ] 

i tb^a u:*3 $t 5 r ^ v ^>f * o * 7 a r ^ vSteft; v Jftff* WSttfls* £ i/«*fMfc 
±l:/Tl/c*fe^EIW 1 oli, ^^^;i.7/ut t K^^ttibir , ^<a»^Slrjoit^ 

«*-*tStSHbfcSi4ft/itB/SI**^^ff5t><D-efeSo * 16 Jfi W -e . T^r t K 
^^^fc^JLte^^^^T-h^^^ (7yi/7t K'-7^^p*7^) £: S§ SI b . fit l ^ 
^«-T5o #: I- x ^yu^yi/7^7 t K • -r^f ^ o ^7 7 Al^^ift $ tifc7^7 t 
. Slgt^7-y<Dfif 2l:g«lfc^y y yy (30-300kDa) (1 10/iL 
. HBS^lmg/rnL) i: # y ^ ^ - b f ^ ^ , 1 o^I^t»^»*S il, -t 

- b Sr iz V ^ T j\s 7 t K tc ^ $ *L ?g ft {fc ^ fc> n % tfi B ^ ^ n h y -7 ^ S 50 
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[ 0 0 9 4 ] 

7fc K • h 11 y ^ ^l^ffittft7/i/f t KSSr, ^f-*>3 y 5 (0. 1 ~ 1 m g / m 
L. 5 5^L/^^/U % 2 O 0@^I[S?l) t'lftfe^^ y^^SSft 

V ^ L 4 rt» o fc ( ig *fl ) £t ft fi . ^f-*>3 V6f HBS«I» ClOmM HEPES 
pH7. 4. 0. 1 5 M N a C 1 , 0. O 0 5 %#I^i»J P 2 O ) t%^l:y V^L 10 

[ H 56 #1 2 2 ] 
[ 0 0 9 5 ] 

mald i - TOF«©ft*«i:^^^ shfc*- ^ > ht-^'fpviJ^^mttinmm 

^9, -*tti:«fflSh«MALDI-TOF^hy (7-t h y ^ 

: O. 2%TFA7k^i^^)l : 2 O $ * i: fcMt 5 7 ^ 7 7 v 7 / - 4 - t K a 

, **** ^^SS. ^thPt'y^j/^'CI^o 
[ 0 0 9 6 ] 20 

=7 V is K<!:ttSILT«< =» v b ^ ^ hofe5iE^J^b^^5oTV^ 0 Iftt^^^&f 
„ I 1 til, y y^l:>f y^a^-->3 y^-ioSiffi^T'fc5« Iffli-^ 

->5r*5/h^®^#ffiSttSIT-ifc^b. zk !/ >- * L . ^ ^ y - /uy L, #: lc . 10-1 
5%iaKft***»S$*. ( * tt # Ifi ) tSO^^blBFB^y^a^-htS. 

t(7)g, 8fc**ffiS:*y^^. * $ J — /M^^U ^ St 1£ ^ b , y^hfitt*:** 

*5 7y^/^/M/#yiaor«*ftt5. »-f a- fctt, y 

^>«^lDgst»it^^, * y^n/v- , Wt^^X * * S — ^ X V > ^ b . 

§l#sK#^^^^^^^^^^^v<7>fflfD»ffi-e««i-So ft ^ Wir =1 ^ h ^ hSrWtt 

-C(7>»fpffi^iafl-*Jx. #l:S*i$tS«7!yt>f w|l:tffltfc5o * fc. * ft * 

[It IE 01 2 3 ] 
[ 0 0 9 7 ] 

4*fy//^^^f • ^/^/y hi^'>^7^MALD I - TOF»ft 40 
* 38 16 01 -C tt . >f * /U — ^ y h/K^^^^^^^^^^b^^bfrb^ (n a s c e 
n t) ^fr^*^^^^il^^5TT-O^^J^^^^^^^^v/^^A^0y^^^ o |^ 8 fcl 

& (D ? - 2 - ^. ? u If u y V V ( 0 2 m ) (D • ^ /U — ^ v b ¥ M &) ft $T X &> 

Z> a 6 AA^S»*fi^*R ( 5 ) fchik^-^^^yi-O — ^5)11:9 6 
/v/^ - f±l^tfT^ ^ y - ^V^f iClllLfc, ^ 7 x /M: 1 5 // L Wiit - 5£ # * ( 
6 A <D U" ^ r± . 9 — h±JC«lfp^ft$ttfc) . 7. 5^LOy7iki ( 

?v0 2 mS:^^, MW e - q , 62ra = 1 1396. 6,MW hum . fl2m = 
11729. 2)3oJ:U<128mL<DHBS (0. 01HEPES. pH7. 4. 0. 1 
5 M NaCl, 0. 005 % (v/v) ^y y^t^it 2 0, 3mM E D T A ) ^ 50 
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(O 1 0" 2 mg/mL^?f£0. 5 n L^^JD^L. ftil <73 4 ffi <7) »>~ ^ yMr , ^3C/3 2 m 1 
/2L^r^ifc 0 t^iJt y/^Mlli, 9 6*OftS 2 mR»ft?>f ^b*7AJi, 9 6^ 

of vy/KD^j^^yjf a^^'> 3 v/jissrfii 5 D t * ; &m/m g*-^^ ^ n 7 a (; 

Mt^iJ/^'^y^f ^f^r^ h7> (CMD) -EDCtJt^SnfcftftO^y^y y 
^ lc J: 9 . ^ o-t/uftj 2 mv^ ^ o * 7 ^ ^ff g $ tLfc c i& & £ fz. ? ^ '< ? W 

te. ^Jt^MALDI-ehy^^^ (33% (v/v) 7 t h ^ h !i 0. 2% ( v / 

v) Fy7^tDB8*i^o»y7y-4-t Ko^->8^8 (ACCA) i& ?o *g ) 

J: 9 , ^-r^a^^^^-b^ttiu, -fb*W(w-^^^sn*:iiBiai(Hk*»^Bt ( s a m ) 

^bi^^ti5MALD I 9 — y > h • 7u^f EC^^y/^n, ^.tK^/^tK^^^ 

Mi . K*#*rS:JBv*-c#*r$;h, % *§ *t fft 0 2 m*ti. SlfeMALDI-TOFKS^tfr 
y 7 F!)i7/u-f yia 9 & 5£ £ it 5 „ 9 6 m <n u- v ^ ^(DM^mfrVf h f# b ttfc 

tt « » 9 L "C & 5 0 
[ 0 0 9 8 ] 

(gjg^^^^^ic^s^^-e, m 8 -c £ tt / w • ^/^y^ Fy^TAcj;^^^ 

Jxfc^/tfi^ — ^ S:Kflt-5. U8t*/f:$tifc#7^^ h /i" £: . ^^-f y^^ia 9 

. * £ 2 ray^t;^^Sif[:L % t h 3 2 mv'^-^^^Bi-f-SSflifka^SrSt^bfc 
o 1^— fliffc^f^^vi-^b^bn/c^^^ Mi* <£> ^ 0 2 mS7>fi$r?^£L, 
If 3i b o m m % 10~ 2 mg/mL<Z>jS 2 m^?££:0. 5 m L *5 J; tK 1 . OmL^AD 
^fcfv^/i-^BBi-sa^fflSrH-JIb. ¥^£Lfc 0 Z. <D m l^ffi H £1 i> <D ^ 6 A <D m 

[ 0 0 9 9 ] 

*l^^l;i-<^tlfc^^C/^T^^ il/^fefj;, te U: 12 1 0 <D t: hik^^) 3 2 m ' W ■ 

* A* — / y h^i^*f^^$iXt^^ 0 6 A^itf ^7*/U^, H)8(riEfc$nfc^jo^ 
P £ *l fc 0 9 6 ^x/uf yy/uyi/- h<7) 8 8iO[)xyHi l 5 L(Ojkf-^ 

tkm ( * 4£r fO J: U< 1 2 8 ^ L^H B SlI^^An/: 0 Mit h 0 2 m O 7 . 6xi 
0" 4 mg/raLf2p^^(D-a^tlRtl^iSt ( » S 7 . 7 X 1 O' 4 mg/mL 
b 1 . 14X10~ 4 mg/mLKW5) N 9 6 >? x /u / U - M f * 8 ^ M (8? 
=c /U ) ICiolt 5 t^/^ (#1 5/iL) t Itffll/^c l?iJt>/y y^JOilfci^MA 
LDI-TOFMS»tflt, ^ !i ^ a - "7" ^ fit 0 2 ra ^ p ^7 7 A ^ffl PTi 8 C Rtt 

SiiTV^S 5ff 8 8fi^fyy^ioJ:i;8fi^go 0 DO^^ • x^-/ y h # #r 

& u r fe 5 o 
[0100] 

mi l b , Hi oJw^^njtaip-^^^yui-BHi-sgli 1 a <Or-^^b^iI$nfc^ 

* /u — ^ 5, h^tfflcJ: y-^y^Stifct hlliLSff >/;Hw*5»t5 S 2 m ^ £ 

<oft^#j#;*-<^ N /i- ^ [g] 1 l al:I^tiltv^ 0 3- ^ h/u£r. — ^^-T^S 

* J: 9 . z mv'^t/u^i8?{kL, t 2 my^t7M;BtSl?ftS»(| 
£ ^ L fc Q ^^tlllliLT^ *L 5 <D ^ ^ h ^ <0 « # ^ *IMfc £ . ^ 2p 
S ^ & ff- » $ n fc 0 fil fi ( ft m ) » i* . « 2p * ^ :/ /u ( t hikt^ftt^irioTlS^ 

n r ^ a ) k * t mascots, &mm<ommikm&m<o¥-*9 & * * h -r 
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Tams«a<2%-cfi»«ia*H4 < r 2 = o . 999) ^ttt^^ori^o 

[0101] 

mi 2 . 1211 1 b-effig*nfcS2p*ji6Srfflv^T. mi o-e^sttfc-r — ^Sr»««?«r 

L fc co £ ^ -T 0 01 0©8 8i(?)f >^/H:i8l, ^jx-^yuS:^— *^-f «i: 

5 «7^0 2 m t , t h 0 2 my^t/Ml|f5IiibS»^^^ tfc 
o t h/3 2 ra«#£r^*SMfcb. «52p<BSS:tHILfl:«> ^^a^fesr^m 

SffilS^O. 75mg/mL#>t>l. 2 5rag/mLT?^>ofc 0 
[H*«2 4] 10 
[0102] 

I - TOF^ff ^la^AnfcB^it^^y^T AS 

H 1 3 13, f^IRI£^£S (PTM) l:Ht5 h7V^f l^f ^ (TTR) ^tifi/^ ■ * 

t^^^^S (PM) ^Sl tfc 0 6 A^bSSiLfcftR (56) fc Mfe!fcif->'://KZ> — 
^^fi&r^fr*^ y-^y^(Dfc*li9 6 x / u - Mw S8 K L ft: „ 3- ^ ^ /Mr 1 5 ^ 
KDiftit^i ( 6 A<oty/;ufi, 9 6 ^ u — h _b «§ «f & -ft: S jft, fc-) „ *5<tt/i 

3 5 m L£OHB SiIi$:A^f: 0 3fe ?U >- ^ ^ S , 9 6 ^^S[T T Ri^ft ^ 
a#^A_h N 9 ei^fyy^wHft^ y^a^-ya y/HSSrff 5, T S y « « / « 20 

tK y ? v — -T /Ufa & 2 m^-r^o#^Aj$SfEgJ£;ft,fc 0 M i£ £ * >- ^° ^ If li: '> fl: <39 M 

ALD I h \) v 9 7- (ISfDAC C A^S) J; »9 , ^-f^n^^A^feSttSL* M * 
/StKIx^ ^ h 7^ h - 9 — if v h i:4 5 i ttlw^^^SKte5ft»ft*»^l(f 
(SAM) ^f)i*^5MALDI^ - ^> h • 7 U^Silr^^y^StlS, 9 — tf 

. S1MALD I - TOFSi^ffV^ Kx7^-f yia^t^^o 9 
fyy/u^^-f ■ /u — y y h^^^bft^ttfcWft*^^ F^SrBi 3 ic: ^ -f 0 
h/W^^TlC4ol^T, TTRy^t/Hi, I1R t 7 s u ir 7 tj T T R , £ 9 « 

£i * ^< i? h s^±X ft . 2 <D r ^- ■} is -T J <E> T T R -> ^ ^ ^ 5> , ;&30DaiKV^e 

6 3: # fiR cq £ t a 
[0103] 

IU1 4 i± . ^ -f • * /*" — ^ > hTTR»«f-e«iSnfc8R««»i:«^««*S:, ^ ^ 

> if -T /U J* . TTROlHfi|CfH[$nfcIi ( M W x T R = 1 3, 7 6 2) IS £ Tf C y 

s 1 0 "C <E> ~> X T 4 V it ( + 1 1 9Da<Dj€fi~>:7 h £ W < ) ^b4C5»ftTTR^S 40 

(TTR 0 x ) ^^tlia<^JeitV>^, 0 T ^ ^ ^ ^ h/K'li, IS Lfc2*<7)TT 
Ry^f /MlitT, ^<7)2^:^ Tj^j T T R y J: !) I) 3 O D a l^ftC, £ b 

H2*^t°- ^^atftSo ^^b2*wb°-^^lDSHStTliil 5 io «t 1 6 

# fiB <^ w t a 

[ o i o 4 ] 

t y y^fl, il 4 tffii$ilf:t)^^i:tfe5 0 U 7t ( H B S ^ 5 0 ) b b 6l 

I(DTTR(j:, 0 1 3Mia«£*bfc£:fct>. # H n-tyuRTT R^>f ^ o * 7 50 
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mwm&m) <otz^<ommm^m^ — ¥ y v * # y b c 5 omM tr i smmm. p h 

9. 5) Irttp h y ys/yg^^- hii:, OmMHC 1-eSlBLfco - 

m d ^ £ Jx T 5 (72 li . jnTTR-r^^D^7A/)^g[fSlfc^>'/^I^4 0 "C h V 
y > > \Z X *) 2 0^?Sfttfct)^7!>^#t>tltft^^^ h -C * 5 o flbUfc 2ft(7) h 
S> ^ > fflffc J: 5 ^ ^ ^ K • y ^ > 1 04-1 2 7 »S*ttf h y T'yy • 7 7 ^ 
yvh-i 2 ( T j 2 ) C <b $r^#ihi6tP-5o t^-^^-^^^JciJ:'?. 

:^«*^EJ!ll:*5lt5 2o^pflE4TTR$S^*lf : A 1 a 1 0 9^Th r t 

DNA(Z)ISf|l:(j:GCC^ACC], A m = 3 O . 0 1 1 D a , Thrll9-*Met[ 
DNA^Sl^itlliACG^ATG], A m = 2 9 . 9 9 2Da 0 lEbV^^COfWJ^^rd] 10 

1 6 \z ^ -r o 

[0105] 

Hi 6 n . SI 1 5K;*:£;h,fcj4L»ir^:^#W^ 

fc&^m^b^/cK^^^y^u^ b * ^mwrnfttirmx- $> v ^ * 3§ n ie m s *x fc m & 
zs*TJ*is£xfjjmizmfrj&&jrix\,*z> 0 mm ( ^ &o TTRi^in hy y^yii^ 

7^^FT! 2 (1 04—1 2 7) (Of /7^y Ft°^ • '>^t;Hi, m / z = 2 6 
44. 92 2^&9.^mTTR<7)^/T^yht 0 ^^— >^^-yu£ % Am=29. 98 
8Da^i^^f 0 L 7c 7^ o T . Mil, Thrll9-»Met, A m = 2 9 . 9 

^yi^r^y ^ > j ^ m t * «, mi 3, mi 4. mi 5 . mi 6tc^^-^T^^n^^ 20 

fcit^^^^f I^)^^l:§it5, * m *SB # ^ ffi m £ > * ^ A £2r&<ot£,E£:t&^ b 

[ X ft #J 2 5 ] 
[0106] 

fl WtMWffc (PTM) <DMVt <D tub <D ^ y^-i • /u — ^ y h • 7 7 ^ >f 01R <b 
JSttTi/'fMALD I - TO F Srli^ Atlfc t^H^^fe 

0 l 7 a . *W^S{wf2«$nifc^^^^^Ai:*&^$rffl^x|IJg$^fc, dfe # lc 

o fi#»ft4ftay ystt^tfis, 7;^y*^7r^^ if cap) ^mmfe* — y * b 30 

• 7l/>f ^#i:=3rU-^ • T -y ^ ^ ^ ^ - • f * h^^V^X^^^^tfCo ~ C T- * U — 

* - 7 7 ^ ^ ^ ^ — • tT^y . ^^C3jl4^^o-C^tfj^^^Kfc^*3*?®Mbfc 0 
iS'fr^fUL. 1 0«l^#«Ufct h^ififfiSr-^V^^rt-r^JR^rU — ^ ■ 7 7 ^ ^ =r ^ — 

• fc°-<^ hl^<t5^y^a-<-y 3 y^t;^^Ufc 0 i£ H u — ^ • 7 7 ^ ^ =r j — . fcf 

3 ti^^mmcDmm l:<t ^{liLTi7k14/iS7Rtt^y h7^ h • * — ¥ y b • T t- . 

S # #f ~e . /a y y^ttp»*fc5^yy^Sl:f L< >:it5o H 1 7 b (2) 

^ h /ML 2o<7>y^^^{-'i'tf^>'/^^S, PRP-lfcit^PRP-StLT^^Jx 

fc^I^U-^ • 7 ~7 -4 zz-=r ^ — . t° y h^I^^^LtP^o ^y vSft^f fy^ 40 

t/^Lt, mi 7b (3) r-/>$4^^^ h/H s at>n, mi 7b (4) -c r± $s ^ * » 

IISM26] 
[0107] 

Sr (n a s c e n t) * >- s< ? « W. ^ f£ <D [°J i& # S ^ T 7 ^ = ^ — « & * V ^ 

f ftSl^f l^lit^MALD I - TOF^^ia^^^y^rA^ 

^•>^TA<b*jSHrfflPtHl$nfcb hillf y/7KD /-yug^^ y/<^f ( R 50 
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BP) thy^*^-^^-^ (t rans thyre t i n) (TTR) t <Om<DWi^^ V 

^t^y^n»t^fiRBP77^f^ - • tT ^ y h J&* J« £ it c _LIE3lifi0i|-efBtt 
L fc £ jo 9 , t hmt^lS^ti, /8 £ *t fc 0 M S I A i4 . R B P io i (/S T T R O 
in v i v o77^7^-@K?:/Tlt^5 0 U^y — /U^-&*>-'<^«(RBP) 
£ h^V^^U^> (t ra n s thy r e t i n) (TTR) t <D K (O m * ? > '< ? W 

5 . 

[ 31 ffi #J 2 7 ] 

[0108] 10 

• ^/U-^>> FSf »*f>tft^lH]i|)i^MALD I - TOF»«fiSra*Ahfc«^^ 

* 5r A ft 

* it it « -e r± . ^^^^«s^^^^^A^^^fe^ffiv^/csa*^tt^k<^*^fi^fc^^ 

^SrffijSKMffii-SfctfMC. T ^ V S ti tK y * — t/^b 2 m / C y s C/TTRT^ 
j =^=r - • tf ^ * h <£: . 8tr iS <a £ *3 «• L 0 & Id ntt * 3Ef£i£«SP3gS:ffli*lw 

it -T Z> tz «6 <D . 0 2 m v C y s C *J J: t/ T T R 1: » t 5 «»)K*7 7 = f -f - • fcT ^ 20 
y h©ttffl«S:fl/TttV^ 0 $ t> \Z % & ^ A, * mttkn^teM* fctt 0 2 m 3; fc f4 TTR 
^5>©7^^!);ui«Hi3lt5iS»fl 2 m/Cy s C it S ^ - * U V^ic^-f-^^:^ 
i^t^y^r A ^ ^ft|-io(f 5 77 ^ — • t° y h<D{£/BS&M^LTi^5 0 

[0109] 

0 2 0 K [4 , :£3£^<7)&£^>^^A ^^fe(rjo(t6^^^HS^IrMt^7 7 ^ ^ ^ ^ — 

* f^txh^aiS^-^^yv^Sr^i-o fc h ifiLjft ( tfr M i£ fc £ *3 9 \z # ) ;6> b <o ^ n 
^n^^W*f**Sr«ffi-i-Sfc«>tC, 0 2 m . TTR. RBP. .X * ^ ^ C ■£ f4 C R 
P ^ffi^Atitfi^ y n - ^A-#tf£7:7^^7W — • tr-< y Fi:iil:f(Dl^t 
t> t /cffiv^tifc 0 mmiz^ * — i" £ fc . * fc . I a CJ: o t li 
^ixb^S2»<tffi»*^bOWS^^x<^ir***3£*i-Sfc*lw, 0 2 m. Cy s C :}=> 30 
J:t;TTRtfc:liCRPl:^t§f f /¥-atf7 7^f ^ - • b° y h <7} t> 9 loo 
«ffliSfe^B*Ui>5„ £ b £ >r >\s * m Ife (^^X*if) (O & t£ JB * ti *4 0 2 m * fc 
liTTR^b^7^yyU»«|:*3lt5*S«J 2 m/Cy s C»«0^e = ^y^^^g| 

[01 10] 

* /u — ^ ^ h zs * y- * <o m & it x . * si * ft as * «k iiw, ssfiiraiti:fcn>T, * 
to m & & m x & z> is m \z. ft -5 & m & m z> 0 

[0111] 40 
[01 12] 

[0113] 

*SH*B»-effl ffifttti't/^-j <!rf4. ^^^-^f ^ f c F4^^i^ V ^A- ^ h?^E 
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# « « ) » * tf> ft (#-i v t^t&/^iW) tltt^/TtfUo afPttu-i?:^* — 
W«t ITfl, fit # . SlA^^^^K 7 h — :?\ ^ ^ ^ K , sK y -< ^ ^ K . B * . 
^V^fC, af f/^^^ h^y/^fut/^-, S ^ y 2 (mimi c) . W « # 
=f- . ;K y ^ — . *S « # ^ . ^ u _ ^ ^ x t ^^-^_ n fcit/iiOUt/^-iif^ 

[01 14] 

-To »tf»ft«HTtt, (DNA. RNA) . ^ ^ *f- K . * /u ^ v it ^ ^ ^ K . * 

* tt «£«8 # ^ * W: {& # T- * if # ^ If b *x -5 *s . :n5)i:HSSiii^o # W *f 10 

§6 # £ * b 5 o 
[01 15] 

ftai^^^ito ^ * tt ^ , k ^ s n * i , «b jia a ui . mm\&m, m m ? << a — b % 
9tmm. ifiifls, jfiiffi. jfi«, fcA^, m-^mm. mm. mm. mm. mmmm 
4 if -e # s o 

[01 16] 
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AN INTEGRATED HIGH THROUGHPUT SYSTEM FOR THE 
ANALYSTS OFBIOMOTvEClrt.ES 

This application is a cnnrinuaticn-m-part of pending provisional applicadocs 

60/2£2,S30 and 60252,852, both £1«I oo January 17, 2003. 
5 FIELD OF THE INVENTION 

The present mveorinn is related to fee field of prutcmnies. More specifically, 

the presort invention is a method end device for tepid identification end 

characrjsrization of biamolccales recovered from biological media. Additionally, the 

Ptt tt t tt mverjtka mcrades dm abilrjy to process euanerous different ca mp les 
io enndtmeoady (hrdi thrunsrhpui analysis). 

BACKGROUND OF THE IMVENTTON 
Recent advances in human genomo sequencing have propelled the biological 

srir tr^ into several sew sad exoitrng arenas of investtsctiocL. One of these erenas, 

protgopnea, is largely viewed as the next wave of concerted, worldwide biological 
13 research. Froleomicj is the invesrigarion of gene products (proteins), their various 

diflencat f™-™ and interacting partnesa and the dynamics (time) of their regidatinn 

and processing. la short, proteomics is the study of proteins as they function in their 

natrrc e nvironm ent with the overall intention of gaining a fixrthor. if not complete, 

TTT>rt«n=faTn^fr>g 0 f their rrt"ol«Egica< function. Sash studies are essential in 
20 radeps t ajidu^i th^/j? at the rnecbarasmc behind genetic disorder* or the 

*T 1 ^n" w TT df drug mediated therapies, as wril as patedialiy becoming the underlying 

foundation far farther clinical and d?»gp < *«tfT: analyses 

Theni are several chaUcnsns intrinsic to the analysts of pnatana. First, and 

foremost, any p rop »n considered relevant to bo analyzed rem dee tn vtvo in a 

25 Dcarrrdex biological environment or media. The ccxnplexity of these biological media 

p rese nt a challenge in that, rff*rn*np^T , i p mtB ' n pf interest is present in the media at 

relatively low levels and is essentially masked from analysis by a large abundance of 

other hromolecn!e\ e.g., proteins, nucleic acids, oubo&ydrates, lipids and the like. 

Technologies cur r entl y employed in p rots e oi ics are ocly able to overcome this 
30 rmm^mcntal problem by first fractionating the entire biological media osfng the 

relatively old technology of twchdimeoaiunal (2D) sodium dodecyl smphate - 

polyaczytcrnde gel dectrcphorcsis (SDS-PAGE), wherein nmuerous pioteins are 
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simultaneously nrigteted using a gel m odium, in two itimm'iraii cs a fbncticn of 
isoelectric poinl and nw»f*^r-"- sizs. 1b order to enscre migration in a predictable 
, the pcoteias «e fim icdnccd and denatured, a process thai destroy* the 



Present day state-of^be-art ptoteoauss invcli.es the ideirrificatiou of the 
t s eparate d rrsmg 2D-PAGE- In fins process, gel spots cantnimpg separated 
proteins are excised from tbc gel rncdinm end treated with a high-specificity rarrymc 
Cmost conmiaary trypsin) to fragment the proteins. The resulting fragments are then 
snbjected to rngh-eccuracymats analysis nsmg either eje cttospray iomzsricn (ESI) or 
ser d eaotpdaB& auixMtna tirnc-oWligbt (MALDI-TOF) mass 
s (MS). The resulting in ific form of absolute molecular wreaghu of 
the fiagmenra, tnd fawrwiodge of the os>me spoaficity are toed in riffco to search 
genomic ox protein databases fin- mfbrmofcoo conxbting to the empirical data an the 
fragment! Analytical mctbods and searching protocols, refined over die past seven 
IS years, have evolved n> a point where only a few proteolytic fragments, c 
with high mass tccamcy, are needed to identify a gel-separated piotcin t 



However, identincation of the gene prodding a protein of interest is only the 
first t in the arerafl. much larger process of d etrrmrnro g protein 
strocmrc/f mictic oality Numerous qnertioiu that arise cannot be answered "by the 2T>- 
PAGE/MS approach. One major issue deals with the primary structure of die protein. 
During Ihe coram only practiced identification process, at most, fifty percent of the 
i seqnencs is viewed, leaving at least fifty p c roent of the protein nramaNrcd. 

tmcrous splice variants, point imitations, end post* 
m itt for ay given proram. many variants and 
\rithin a protein vriH ultimately be misted Airing die 
identification process - many of -which are responsible for dts rrw states. As socb, 
prolans are rot rated in Ihe fell structural detail Deeded in differerrfiare (ramrod) 




Prrrtfacrmorc. ain c u t irinrrriftcatiop processes make no provision for protein 
cuantrrotion. Beconse many disease stares are created or indicated by elevated or 
decreased levels of tpecific prrrfrms and/or their variants, protein qaanfi aiim i is a 
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very important ctnnpacsnt of precsaascs. PresscUy, protein quantitation ten gels is 
perfumed "Q>g saining apjrnacbss flat inherently have a relatively high degree of 
variability, end thus TOCca tacy The training approaches can be rep l ace d using 
isotope-coded afamty t»g« (ICAT) in conjunction with mass specmazietric 

5 qwmtiCeatioa of proteolytic fragments generaied fioo 2D-PAGE. However, roe 
I CAT appr o a ch is shU subjective to flic albrcrncnrioocd protein variants in that 
protean variants will yield maas-aHflcd proteolytic fragments that will not be metoded 
in (be quantification process. likewise, other approaches, such as F.T ISA (enzyme- 
finked immnnosarbanl assay) and R1A (ra itimrimcnoassayX are eqc&Dy subjected to 

10 (be «TTTTTrfrT* ff rr "^ of qoantirytny a specific protein in the presence of its variants, 
lacking the atriliw to resolve a target protaui from its variants, these tecrmiques will 
essentially maratnr ail protein variants as a single compound: a process that is 
afinzmznes xnislseding in that o disease may be csnsedrindicated by elevated level of 
only a angle variant, not die cnmolative level of all the variants. 

15 Moreover, the 2D-FAGE/MS approaches make no provision for exploring 

pxotein-ligand (eg., other proteins, npdeie acids oc enspoonds of biological 
relevance) nonacti ons. Because denaturing amdirinnt me tned danog protein 
separation, all pzotein-Ugand interacrions are disrupted, and thus are out of roe realm 
of investigation rising the identification approach. Separata other appioacb es focus 

2D specifically on the analysis of pronnn-ligand interactions. The most frequently used 
of these axe the yeast two-hybrid (Y2H) and phage display approaches, which use fn 
vivo molgcnlax recognition events to trigger the expression of genes (bet produce 
r e por ter proteins t M'*** 1 '*^ a biamoJeculsr interaction, or selectively amplify higb- 
affirmy banding partners, respectively. Other instrum e n t a l approaches rely on 

25 bio sen sors irKi^ng nmversol physical properties or tags (e.g. surface plasm oa 
resonance or itaortacence) si raodea of detection. The two major herniations of these 
apprnaches is dus they are generally slow and that taeracring partners polled from 
biological media are detected indirectly, yielding no specific or identifying 

30 Lastly, none of the ifbrexnectiacod eppruacbes ore favorable to large-scale, 

higXHroraughpnt analysis of specific i m r * «i n« their varian ts and their attracting 
partners in targe populations of fubjects. All of the afujeuifmfnrift d approaches 
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require several banr* (2D-PAGE) to several v»eski (Y1H) tn pcrfurm ao a sxr^Jo 
sample As «™-*y time and mmjduy expenses preclude sppHcaaon to the b nnrfr sds- 
rxHhonsands of samples (a ri gmitnig from hnrtdrc-ds-to- thxfcisonds of individuals) 
necessary to prutPOmic, t^nricnl, and diagnostic tppliooUaos. 

2 To date, there sic oo universal, totegrasd s y s tem s capable of die ingh- 

tfcrou^tput snalysis of protons for nD of the aforementioned eras ems. Thus, there 
^rifT* a pressing need far new and novel tocimulu^es nWo lu analyze n^ive jmrtan* 
present in their natural o mrow n cT fl. Encompassed in these technologies are: 1) die 
ebQily to scl uuivefy retrieve and concentrate spe ci fic prufr;rm from biological media 

10 for subsequent higb-perf armance analyses. 2) the ability to quantify targeted proteins, 
3) the ammy to recognize variants of targeted proteins (e.&, splice van iasta* point 
n roan gni and posttranslasianal rnodaficsnons) and to ehtetdaiB their nature, 4) the 
capability to analyse for, and identify, lig&ods im*r»<^?i»B, »itb targeted proteins, and, 
5) the potentia} fcr bigb-througbpet screening of large populations of samples using a 

AH publications »nri patent applications are her ein incorp or a te d by icfiaruwi 
to die came extent as if each individual publication or pate nt application was 
spedScxBy and indivi dua lly yr**yr*r*** to be in corporated by reference. Ahhocgb the 
present insertion has been described in some detoil by way of illustration and 
2D example fir purposes of cl arity and mid* 1 r ^ yndi rg, it will be apparent that certain 
changes and modifications may ba practiced vrilhin the scope of me appended claims. 
SUMMARY OF INVENTION 
It is an object of the present invention to provide an integrated system capable 
of selectively retrieving, and conren Dating specific biamnlecales feast biological 
23 media for Hibaeqnent higb-perfhnuanee analyses, qnantifying targeted proteins, 
recognizing variants of targeted niomciocutes (o-B-. splice variants, point mutations 
and paat- tDMSlBti coal enodifieations) end elucidating their natures enalyeng for, and 
identifying, Uganda rmrntrffng with targeted biomolecules, and mgh^hrooghpnt 
screening of large populations of rr^r 1 -* ''"Tg * single, unified, economical, 
30 ttt"^ ml ^ and parallel ra ncesfsmg plstfbrm. 

It is another caabod tn ii " * of the present invention to provide an integrated 
system fn ft i * TT , r l 1 * * <, -» Tr**<r* n1*rr fj aps, soch as xfTrTTtfy microcolumns, dodvatized 
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m«m spectrometer targets, mass sp ew ooastcra cirpBhtc of multi-sample input and 
nafcotics with iiji. - ^y ngwfata analysis mtnact r v B dnrifnsn software that acco n i plrsh 

It is yei another object of the present mvermon to provide individual 
5 ronrptTtimtt liar the mtegraicd system, scch a* rootcsuhr traps, derivatized targets and 
the like 

Qua farther object of the present inventkm to provide a high throughput 
emhemrneni of the prom t trrvearion thai cses robotics fox serial prrparanon and 
pn-rall^l pf yx i n p g of a lar^ number of camples srnrahaneousry. 
10 It is yet a farther object of the present ixmatDoo to provide method* and 

processes for use of the individual campacsnt* and the nrlcgmed system io bioiagieal 

It is still yet another object of the present invention to provide a device and 
method for <ha identification of point mutations and variants of analytes osnjz an 

L5 integrated system csing high throughput analysis. 

The novel panares *^>" axe considered characteristic of the invention are set 
forth with partkadarity to the appended claims. The invention mdf, However, both as 
to its stratum and its operation together with the additional objects and advantages 
thereof -will best be understood from the following description of the preferred 

30 embodiment of the present inventfoo when read in conjunction with the 

accompanying drawings. Unless specifically noted, h is intended thai the wend* and 
phrases m the spec ification and claims be given the ordinary and accustomed 
meaning to tho«5 of ordinary ddD in the applicable art or arts. If any c4h«r meaning is 
gstepded. thf? spffcifjgnrin" wjTl specificafly sra±e that a special mcarrina is bona 

25 uppfaod to a word or phrase*. Likewise, the use of the words "funcrioa" or "means" in 
the Deamptiun of Preferred Embo<hmenQ is not intended to indicate a desire to 
invoke the special provision of 35 LLS.C §112, paragraph 6 to define me invention. 
Tnth0crarmny,iTrh0[aW6onaof3S U.S.C. gl 12. paragraph 6, are songht to he 
invoked to define the mventioofsX the chsmaxnO specifically state the phrases 

30 "means for" or ""step for** «od a function, Tvilboui ctoo reciting in such phrases any 
structure, rnatorial or act in support of the function. Even when the rl m ' rafi recite a 
"means for** or "step for" p^rfhrming a ftmctioo, if they also recite any structure, 



5 



(66) 



JP 2005-503537 A 2005. 2. 3 



WO02.-0S2051 



PCTi"US02A)1541 



n s &teria l or acts in support of that n T - *^ of step, then the intention is cot to invoke the 
provinaas of 35 U.S.C. {112, para g r ap h 6, Moreover, even if the provisions of 35 
U.S.C. §1 12, paragraph. 6. are invoked to define the invesmons, itisiinsndsdthaAe 
inventions oot be limited only to the specific structure. uurteriaJ or acts thai ere 
ibr-jiV*,) ir> p^-f-™- 1 Tilff^ir"*"'*. bal m addition, irtclmla my and all 
stnjctem=j, material* or am thai perform the clzcoxd function, along wi& any and all 
known ox later-developed equivalent structures, materials or acts for pcrtbneieg tho 



DETAILED DISCRETION OP THE DRA WTXGS 
Fig, l is an illustration of the MS procedure. Analyres are srirrtively retrieved 

from sofamoo by l e rjctiuve flow through a receptoi^erivnrizEd affinity pipette. 

are dnted onto a mass spectrometer target or tar^ array using a MALD1 
mztxix (in the preferred cmbodinienl). MALDI-TOF MS then fallows, *?im 
Bcalytes d f*t*r w1 at precise m/z value a. The analyses are qnaliXBthe by nature 
but can be made qttamiiHrivE by rooorpocaiing maa^shifted variants of the 
snah/te mio the procedoro for use as internal standards. 
Fig. * A-uiicreglobulio. MSIA screening cdTiwIogjcaJ floids. Samples were prepared 
by dihmctn of the biological fluid with BBS (rfcO for t tt mrfal on n MALDJ- 
TOF) and rep et it i ve flow incubation t h ro ugh the affinity pipette. Affinity 
pipettes were washed usicg HBS and -water before elorion of retained 
compounds directly ante a mas* q?ectraineo=r target using ACCA (saturated in 
12, ACNHjO. 02V, TPA> (A) Human tsars. (B) Human plasma. (C) Human 
alivb - the safiva required an additional rinse with 0.05% SDS (in water) to 
reduce con^pecifk binding. (T>) Human urine, fa all cases, /Am was 
efficiently retrieved from the biological fluids using the flow-mcubats/iiuse 
prc<wiuro. The masses detormrned fix rhe (using external cahTrration) 
were wimm - 0.1% of the r^itwtft value (MWa* = 1 1.729.7; MW te - 
] 1.735; MWpto = 11734; MW^ =11.742; MW^ = 11.735). flr-r*rrttmg 
diverse biological flmd scra=umg by MSIA for a directed, rapid, cearitrre end 
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Fig. 3a Qoanttsmc ^m-MSlA - working carve. Rc picienia trvc spectra of data nsed 
to generate fee working ccrvc Ihiman fya concent ra ti on s of 0.01 - 1.0 mg/L 
were isvesngsted. Eqranc^m(MW- 1 1^396.6) was used as sn internal 



5 ji i», 3b Working carve generat ed using the represented in Fig. 3 a Tbc two- 

decade rsngs was inarmed with, good Koeajity (R 3 = 0583) and low standard 
error (- 5%). Error bars reflect tie standard deviation of tea repetitive 65-4sser 
eIioij spectra taken from each. «-rmplR These figures iHtrsrrate qn anota livc 
M5IA performed via fya^Smty pipettes. 

JO Fig. 4 QuanritstivB Aro-MSIA — Kcreeoing. rbmra nrxns xarnpJs few five 

indiri duals -were screened aver a period of two days. The average value 
d rtenmn td forhealflry ipdrndnnb (10-sanrpIes; 4-indmdnais 13 male: 1 
female} eges 30-44 years) was O.100 ± 0.0B 1 mg/L Tbe level deieii.Miird for 
en S6-yesr old female with s recent urinary tract tniecrion indieored a 

is si p n rfr^mt iacrase m co m ^u tr ari on (3.23 * 0.072 mg/LI 

Ke. 5 MSIAebowmg elevated level c»f giycoQ^ar^ /tmina 86^yeaT old female 
{dark gray). During MS1A, a eecood ngna] is observed at Am =+161 Da, 
radicating fl» presence of gr^^ 

resolve die two Am forms, resulting in a more accurate qnaanficadon of tbe 
20 mrf^rm fata and possible qnarttifioatton of the glycoprotein. Such 



(or are markers fir) different qi^^-ntr MS LA of a bealrby mdxvidcat, stowing 
Hlils gtycusybnun, is given fur cunrparisua (Ughl gray), 
gig. 6 Surface dirrrrrd MS LA for defined biological fiind/A-^^ 0 ^ 0 ^^ 
spedficrry. Use of polyclonal antj-^m affinity pipeCc* linked via 
carbonyroethyl d extiau amplificatiaa or amine base support cbesmstnea 
enabde dificreirtiatiari of specifically bound versa* noo-3pc*ificaIry bound 
compounds during biological SmdVMSIA. Samples were prepared fimn 
biological fl™^ and nsed as in Figure 2. (A) Human plasma. (B) r&asan 
pl u nni Irgtrngfa ****** frrnr tifi> ^ fij m "^"^Y pip«a»- fC) Human plasma 
thrcugb arnina/ghiiajTddahydB covpled fijm affinity pipettn. Direct analysis of 
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11734). CMD a 

Doo-apcaficaUy brand corinwinds (middle spectrum^ OnJya tfacUsl case 
whs ^ efficiently retrieved from the biological fluid vrith low non- 
speaficafly bound «jmjwnnds (boaom spectnan). This flhistratts a preferred 
sq£k» fa the directed analysis of Wood bom biological Enid biomarfoers 



Fig. 7* is a schematic fllustralion describing the int egrat ed system far higb- 



Fij, 7b is bo expanded schematic £Bnstrahoi] of ms used station, which u 

of miciocohinm-inlegxtaed robotks hnvmg muMple poaaons fci chemical 
modrfiratifm. microcolumn nmctwmalimrian, biological fluids analysis, 
p m fg f >T sod (he like. 

ftg, g U an flhistiBtian of a higlt- throughput seori-q: ^nri tative analysis of fan MSIA. 
fan than fir r pn r p fi w" ^ samples using die integrated system and methods 
d escri bed in the p resent inveoOoa. 

Fig. 9 shows bar graph analysis of the data shown in Ha. R. Each spectrom shown in 
Kg. B was laostmuiaadtn the eqnirts A nl signal fi i ron gh baseline iclegretmn, 
and the normalized integral fra the human fl&n signal detennincd. Ail fan 
integrals Sum specoa obtained from sample fluau the same odmdnsi *?cic 
averaged and the standard deviation calonlntpd. m (he same woy. the in tegr als 
for dm samples spiked with 0 J and t.O jxL sohxtion of VJ 3 mgtaL fan wata 
calculated and averaged. Fitted in this flgnrc are the average values of the 
normalized human fan imegnds for the samples from the cue mdmdaali and 
the spiked samples. The bar graph clearly establishes increased fan levels in 
the spiked samples, illustrating the value of the high-dnwighput semi- 
qoaotiialivo analysis perlbnoed wilh (he system and methods described in this 
invm n'on in establishing increased fatn levels in l"" rrjT> blood thai are 
Tr^x jnted wish r at i ota l 1iV r><y states. 

Fig. 10 is en 3hrstTsrion of a mgb-drraughput qnexjtmrtrre analysis of fan farm 
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Fig, tla and 1 1 b fflostrate the corotrestioo of * calibration carve from (he data fin 
the standard samples shown in Fig, 1 0 and for the purpose of determining die 
fya caocentrarioos in the hamai plasma samples screened via the rrigb- 
Lhronsfcpat analysis using die integrated system and methods described in this 



Fig. 12 shows bar analysis of tbe data shown above using the standard curve 
constructed above. F tcft spectrum fir the 8S •armplt-g in Fig. 10 was 
rj oana fited CO the etpsnc Ti^rwil through basrfme mt egr aticn, and tbe 
n oom Baad integral for die toman /^m signal detecminsd. AD frmmpn 

jo ixUcyia H far the saroc nxlrridind wot averaged and the standard deviaocm 

ealcnratad The Yahoo of tba averaged imegrals were substicmcd in tbe 
equation derived fr o m the standard curve. Fig. 1 lb. and the concentration of 
fannran /£m was calculated fbr each imSridnal. "Tbe range of cooc coO aliens 
determined was from 0.75 tn 1 .25 mg/L. 

15 F^g. if «" i lT nffn rrion ?fi irrn1rtTT t ***' V^v-*^TingH|jTTit ^r^^rring "^ t-, ^ WKt ^' Tg " n 
(TTR) fhr ■p^»*^»'^'x^°^r»rv3l cpodificmirm (PTM) and paim mutations (PM) 
TT7i"g integrated system snd methods described tn this invention. 
Fig. 14 fTTrTTTrpT*t i'1'^rt i^'" Jt T^ r m *^ p"* 1 *™" modifications and point 

mntariGGS observed in the higb-tinongbpnt 1 1 R analysis using the integrated 

2£i ^ffTrrti ittmI rn<"thfwf5 dcacdbcd rn (fris ttth w'^ch. 

Fig. 15 t Dr»jp i i » «tt TFw» THj^rrifirmrim-i nf p rrfnt mrontion via incorporation of derivotized 
m»gi spectrometer wget platforms in the system and methods described in 



Fig. 16 Qhismtres the use at a hi^r-tvxAaUan reSoctxust mass sped rexnetry a* part of 
the integrated systm and methods described in this invention in determining 
the identity of the p» 'int mntatiaoa detected in the analysis of die plasma 
samples ehown in Hg. 15. 

Fig* 1Tb Concerted bioSHnid phosphate analysis- chelator affinity pipettes with 

iDarine pl ti' ^ i . ' l ip ' * " '^ frrrH'tf "" aH *" rf target gray (l)Htnsan whole saliva (10 
pX dilated 10 fold). (2) sample in (1) through EDTA/Ca2+ affinity pipettes. 
(3) sample in (2) elated via lOmMEQ addrdon and TTirmpwd onto AP-BRP 
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pho^ihrtc digest (50*C}_ (4) simple in (3) wi:n extrcded thirty cnfnule digest. 
Direct malysis of ten by dilution ofhnraan saliva significantly lacks proline 
rich pro ceio-l (PRiM), foe celiac modified pbosphste rich protein of interest. 
Fie. 17b Spectrum in (2) shuwi EDTA/Ca 2 * affinity pipette capture of two pfrosphntft 

5 rich proteins, PRP- 1 aad PRP-3. Mass signature of dsphosptoryladoo is 

evidem in spectral tra* (3) and complete in (■*> mnstrating moltwmalyie 
detection accoinpauied by partial and complete depfa ospfceryiation of 
pbospho-piotriiri caponed/dusted cut of biol ogiceJ fimd for pos£- 
translaliooe] analysis (lc, phorpboaylanoo eumte . 

10 Fi-, 1SMS1A detiiKanimof mnld-protein «nnpies between re tiocl bir^iins protein 
(RBP) and transthyretin (TTR> Polyclonal anti-RBP affinity prpeaes war 
fanne d via. ghmmldebyde mediated amine base cup port surface coupling. 
Ftmnan plasma ws prep ar ed and used m ia Fig 8. MSIA shows in vivo 
affinity rctticral of RBP QwfW - 2 L062 Da) end compJoad TTR <MW - 

15 1 3,760 DaX I 



Fif., 19 Sunultaneoos rapid monitoring of mnlri-enalytes fax relative- abundance. 

Ammo acOvsied, poJycScoaJ asai-fern/CyzC* I IK sffTm'ty pipettes are used to 
rapidly ca jpn c iheir respective amdytes out ofhnam plasma (50 fcld dihrtrd 
xnHBS). The figure ilfrtsb-ates trw of lbtj uses fbr rrmlo-imtibodv aiTInuy 
pipettes to Am, CysC and TTR to rapidly monitor forbinlosycaJ fluid level 
rrxrdnlrtian rod lo qmnfiiy w mi rdnbitM p mt r rri Tfr fean tfrrrr TtnTTTwilrra d 
relative abundance. The figure illustrates one of the uses of affinity pipettes 
far monitoring potential ^ro. /CysC levels in ecnto pbosc of vnnl bnfoctirm (ca. 
AIDS) or fibril nvmshon from ftm or TltL 

Fig, 20 Firvt tP ni i ' fr " i 'ns of " ^**^"* p *^ Twn^Cftn'tytw affinity pipettes. 

Ccmbinsricns/md&vidnal polyclonal antibody affinity pipettes mcorpararing 
fan, TTR, RBP, Cys&rin C or CRP ceptnre respective anarytes fctun human 
plasma (SO fold dHunan in HBS} This figure fltnstrateg one of the sacs fig 
rmiltiVsir^eMnribody affinity pipettes to /ifjtn, CysC, TTR or CRP to TapidTy 
imoirnT fur biolo gi cal fluid level mnrtrrl nrinn and to potentially quantify a 

EPfd'IrPr-^ JT wf ^ rl frrrm therr wmr^r\nlrrrA y-i-f «l4w ibondaDOC This trgrmr 
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fihjstrrtes soother af the uses of sffiniry pipettes for monitoring potccUA] />>na 
/Cy$C levels in acute phase of viral infection (ca. AIDS) or tibril finxaattoo 
from fftfH ox IT. K_ 

fig. 21 Mass s pe ct r omet ry (argot nrrnyx. (A) Plateau orgs* capable of co nfinin g 
S sample through meniscus action. (B) Contrast design capable of c onfinin g 

sample through bydnq>oo&c/hydn>pfcdoc acdon. (C) Insert tsrgrts for use with 
trtatT^y tunpUng loads, expensive reagents, or sample transfers. 
DESCRIPTION OF THE FBEFFERED EMBODIMENTS 

The present invention prorides an integrated high tfcrcmgbpct system capable 
10 of sJestrrcty retrieving and ccmccntratiiig specific biomoleculcs from biological 
media for subsequent bigfi-p eilimiLac ce analyse*, such as idectificaticn of 
biomolecules, qirmrifyins targeted biamolectiles, recognizing Tenants of targeted 
Uomolecules (to., splice Tariants, point amotions and post-nsn^oual 
nxx5f»noas) and ducidarmg their naime, sach as analyzing tbr, and identifying, 
l! li gauds interacting wiih the halted baomolocttlea, and high -throug hp ut screening of 
large populations of samples using a sf"gte t nmfied, economical, nroinplexed and 

The preferred embodiment of the i ntegrat ed system comprises molecular 
traps, soch as w£Eamy mkrocolumna, processing stations, and dessvaassd mass 

20 specrraruen-r target armys. which may be omitted in ncsv-prefened embodiments, rial 
track wim mass spectrometers capable of single ox nmlfi-snmplc input and using 
processing/dam analysis mtaractr^o databases. The present invention also rnctodea 
methods and processes for use of the mdrridnal components and me integratsd system 
in biological appHcadons. Fanhermore, the preferred embodiment af the present 

23 mvemiao provides fin Ibo pnspeaxtiun antifcr pro cess ing of multiple separate device* 
■ndVbr samples to accomplish high tfarnegbpei analysis. 

Anasjor component of tbc system of the prosed invention b too isolation or 
retrieval of specific anarytes from then smrounding biological media in a biological 
sample. This is accompli ebrd axing a molecular nap. m a preferred embodiment of 

30 the molecular trap, the retrieval process entails repetitively flowing the Uologkal 
sample through devices thai have affinity receptors located on surfeces with ft k'gh 
sorfece nrca ccmtorL The affinity receptors arc selected to capture specific analytes. 
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In mo high * > nj,-qfc » i embodiment, those nwJccular traps ere formed into mimature 
columns, affinity nacrocwumnsv thereby allowing numerous molcculrrr traps to be 
located tide-by-cide and taking -ap nirmmut CTtrxl of physical vtSamt. m s 
preferred farm of tie sxdo-by-side embodiment, the numerous molecular traps are 
5 curtained with in a unitary cumpocaU, ynrh &s a manifold or block of malarial hi 
fins fan the manifold contain* nunuuom rrriexochacnels that house tin mol e rrhrr 

The molecular trapping process is accmnphsbed by allowing s o ffici eni 
physical contact between die affinity receptor* located on the molecnlar naps and the 

13 smalyte camned in tie biological sonnpla. The aiEnity receptors ca ptu r e, or isolate, 
the specific analytes using an affinity mteracrion between the affinity receptors and 
the specific Knarytes. After the specific Buaxyiea are captured, resides! or wro- 
cap t ur cd compotmds ere washed fixe of the molecnler traps using a scries of rimes. 
The ca pt u re and rinse processes result in the concentrating of the Epecific analytes 

15 into the low dead^rohanc of the affinity mx ritt^fflmrm *. 



cnolcdJjn- traps using • small volnmc of a reagent capable ordlrruptirtg the affinity 
mteracrion. The elated specific analytes are then- stamped dtrectiy onto a mass 
spectrometry target platform for either mass spectrometry or for farther processing, 

20 e.g., emyxuilic/chemieal modification via nriUzalinn of b sn reactii 
followed by tabseqneni jwepararion for mass spectrometry, 
spectrometry then follows with either the specific anaJyte or modrfirrl fragments 
drt-rtM with hrgb precision. Software capable of recognizing dUfferencea between 
samples, or from a standard, is used to aid m the analysis and or gan nati on into 

25 Hfffnhmn nf thn Inry rrmnbexs of samples. Altrmateiy. instead c£ etrrmpinp . the etead 
specific anarytsa onto a mass spectrometry tai^et, me specific aaafytea may be emted 
rfirecdy imo an electrospray irrmnrrion mass spectrometer by using me mnlnmlaT 
(raps as a caxnpuoeal m the sample inlnxkcclion device, such as the needle of an 



The high throogbpm embodiment of the present mvcnn'on oaes robotics for 
seriaj prenarnrimi and parallel processing of a large number of camples. The use of 
rmoocoiamns in capturing the specific analytes enables an ezrsyed format, as 
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m i' n titmwH eiovc, tfasl IS ideal for such (ugh-tbrOCghpul processing "T"**^ it rmmimyir< 

tin physical volume Knd/ox area occupied by the microcahmm array. Use of affinity 
mfg oeoinmni with appropriately configured robotics allows rcufnpJe samples to be 
prepared, processed, start -to-fiuisii, simnttaigamsly oa a unified pVirfrirm (hereby 
enabling, high throughput of samples. Specifically, afl capture, separation and etutiou 
steps arc p c fh rmd -cvilMs the microcoJtuma mgpagsd by the- robotics system or 
gystoma This is is contrast to the use of other affinity capture msrhocfe (using, e.g., 
beaded media) where mechanicsl/physical tt»^?"» (e^S-. iiogattna. m&gnetic ox 
vacuum separation) are osed to separate che specific analyze from the bioicgjcaJ fluid 
and n 'rv b^ nV'v O&enrimes tk** physical rrrfc to be performed 

fiingBierfy, resulting in die disruption of a parallel processing sequence, as wefl bs die 
ordains of the array. Because these mocfcamcal/pirysical means are act necessary 
wfceo using the microcolumns. pamJeJ-pro ces sing sequences can be used without 
dis r up tion and the integrity of en ordered spatial array is maintained throughout Che 
entire process. Mosx coovenieiLrJy, mnlrfple p r eparati ons/gnaryses are performed 
serially and in parallel using robotics fitted to commonly used spatial arrays, eg.. 4-, 
8-, 16-, 96-, 334 ox 1 535 well micro-riter plate formats. 



rNprvrpuA^ CQMPONE>rrs 

SAMPLE MODCFICATIOhJ/PR£PARATK)N 
20 la nil of the bekrw drscaixd. tnnbodrmerilK, it may be doited licit ibe 

biological media or the targes snaryte be modified or p r e pared cither prior to affinity 
action or after affinity capture, but before drift rm onto a target or target array. 
Example modifications or preparations incfoda, bra are not lrmrted to, redtseuan, 

MOLECULAR TRAPS 
In one embodiment of the txrrcnrioo, molecular traps are rmcrocohrmnar 
doTcca thai have boend affinity receptors. The motacnlax trap is c h e nric afly 
rnodified, oich as by >r * a fn , ^ rr * with an. furnit/wcnatwy^tinn reagent and sol neojiagdy 

JU yf it-m»rf frrf ^^R^rfy Y^^^pt^ny ^jj^Vfr^^ Trerr^r gny ttn^ nf a rnrmllw of < fr» i iu« tirntirv> 
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described hrrem, arc scaled to maa spec trorcetria analyses thai have only become 
SVsO&tds in the last tea years. Prior to the advert of MALDI-TOF and ESI mass 
spe cs ocictxicE, man spestroatetiK bchI^-s; j of polypeptides (if they ceroid be 
performed at aD) required amounts of anaryte on fee tinier of nananaoles, which, if 
5 isolated via affinity capture required milliliter volumes of reagent c rmininin g boood 
i c ccptro and, edtamracs, liter vohmxes ofhioiogxeal media. Given the low- to sob- 
fenrtamnlo aensitrrrtics of MAU>MTM? and ESJ mnsa spectrometries, the ontae 
affinity i*W*^n jp''-T™*™C devices, ess be sailed down by several orders 

of magmtnde. Therefore, the affinity mkrocotanas described herein are devised and 
J to fajjy utilize the sensativity xpeciixcahuns of the recent rnahrtiTg mass 

As additional embodimect of the pre a t id invention us to provide a variety of 
affinity mi crocohinma epocfficrJly tailored to excel in a given biological media, 
OhetratBdmHg.6. Because all biological media eie oot exactly the same, trim 
12 regard to bicanolecnle: coctpositioos and condicairs, each affinity reagent 

deriVstizarioo scheme vrill beharvc chfEeready in each biological media- RninsBmce, 
affinity reagents tailored to retrieve a apeciftc pmtran maryto present in plasma may 
not behave ideally when targeting the same anah/ts ▼then present in a differed 

□positions fr»d conditions of 
mail organs* 



i and sx&scqnemh/ rh t Tr^ with the l argea ed anaJynr will potentially d 
the mass spcetr tanct ric process. Il is therefore necessary to construct affinity 
nricrocohmms for each biological fknA that show oot only high specificity towards 
targeted anafytcs and knr non-specific brrtdnrg properties with regard to other [argg 
molecules that potmrrislry interfere with the ohgracttrbnrion of the aonlyte, but also 



phyjf-ffl p h-H"^"" underlying mast ape e n m -iiamc processex eg. > MALDIot ES1- 
TATtORTS 

After aaahytca arc retrieved from biological media they arc essentially 
30 niicrcemtBdcnd "stamped*" directly nam the affinity nriarocotanms ontn o targes or 
target airay fitting into a oasa spectrometer. In mil manner, the spatial array fimm the 
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- o_g^ titer plate, is irmmhrfnarf throe gitnul the rrfrrm iy 
capture and washing steps, ss well as onto the mass spectrometer target. 

The present invention forthrr enbodles the use of specialty tailored mass 
t r v-t r ^ m^ tw target* in the automated prepamUtiu and analysis of pi mans retrieved 
using the jffimfy rntcTDCoKixans Essential to iim ui Derati ng the ostoraaled robotics 
into the high thiTwgbpuc. parallel process is rcprodncdnliry between each sample, and 
fltE ability to control tbo tacaaoat of tiio samples upon deposition onto lha masa 
spectrometer target. In order to ensure these aspects en instilled hoc? the araocsited 
process, aelf-asscmbiad monolayers (SAM) are patterned onto mass spectrometer 
targets to maimers able lu control tbo area of aaajyts deposition. For example, ihnd 
or mocaptan r«-wnpr«iwW mat are hydrophobic or hydrcphillic in rharf air arc used to 
partem contrasting areas 00 grfd-plated targets. By surroundtofi 0 bydrophillic SAM 
with a hydrophobic SAM, a clear boundary is crcaied ibat is able to confine aqueous 
sa mp le {from the a ffini ty microcohnnits ) to a clearly defined area 00 die target. The 
spattal array dictated by the parallel robotics can thus be maintained by 
rima faa oconsl y ** f" T M T ' T multiple samples, from m nipple affinity gncrocofcaons (nting 
mhodes), caaoainaaatapeetioma tei targ e t patterned to the same spatial array used in 
throughout the robotic proc es sing. 

ta other applications, mass EpectromelEr E«fg»*a are additionally tailored to 
i nr?"rf^ r eactive aarface* rai p uM* of ac o l y te processing. When rnvesti gating 
biomo locales using man spectrometry it ta often Decenary to perform telltale 
ch c n iini iea and/or enzyrno logics to gain further ddsi) on tte structure of an ansryta. 
Of{»rb«ilar importance hto rsoaryses that use specific chemical or enzymatic 
modiricatkmj in cornbmstion with mass spectrometry for purposes such ss identifying 
enafyma, anaryte -variants and modifications present tritkin an anarytn. Moreover, 
c jtectti afia it is of great value to qazsypoafy mass spectrometric preparations by 
KHjoral of poiexmaUy otiezierix^tipecaesfxom sptnfinn through scavenging 
mtenctmns desi gn ed tri r emov e the mterrerences'whds leaving me target anaJyto 
available of analysis. A most efficient means of performing these epenrionj is to xtse 
rnmx s p ec t ro meter targets tf»rf are deriverja gd with cfceanmab or enzymes for the 
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to a pref g j Txl ernboditoegt, a target ot target array is. made by first etching 
darnels a rou nd de si gnated target areas ngng photoresist Technologies. A layer of 
gold is deposiad onto the etched substrate, such as by tratfitinrud elcctro-pigting, 
tecfamqoes or pl asma drpoaitiuo. This layer of go! J natmally follows the surface 
S cratoon created by the «»ft-V»nrr IVpendrng open the substrate, one or mare 

intermediate liyers ciey be rwrinrod, sorh as a mctd mtcrxocdinte Layer isrequirad 
when depostmg a surfocc lcyer of gold Ad activated or activstable reagent, capobls 



[e)(DSF)a 

10 dctxi^ux^butiBJicIxcvbcrc. Any transport solvcut is cither allcrw-ed to 
craporere or removed pxodrjricg a dry setffffmnbled monolayer (SAM) of the 
oOi waled or actrvattbic rea g en t A protective layer is deposited onto the target SAM. 
such as dextran sohibilized in ep p ropriae solvent. When that solvent is DM50. the 
DMSO is Chen removed by placing the target in a vacuum. The taxga (array) is then 

15 coaxed with a hydrophobic reagent, such at octadecyt mercapcm sol nb O hc d io a 
solvent thai does not dissolve the protective layer. When dextran is the protective 
layer. B ppx o paari may be mad to totnbflize the pydrophobic reagent. The target is 
rinsed to remove any Don-boaiKi hydrophobic reagent to the example where 
actaVBted reagent ii bound to the target areas, the activated reagent is made svailabls 

20 tor use by merery removing die protective layer, rtneb also removes any hydrophobic 
reagent presccr in or on the protective layer, such as by rinsing -with DMSO. lathe 
example where actjvatablo Tragfgt is ixaanl to the target ar e a s, the reagent taay be 
acrivatsd far use by cither removing the protectivo layer foDowcd by reagent 



tfanaportinstaie acmanng reagent also gercmtP drsaohre the protective layer, bathe 



HnaDy, ■ l a ri r r jign i r or biological reagen t, such as a polymer, protein, peptida, or 
ertavroo. a bonrsd tn the sue&co offbe target szcast The binding of die biorcagenl is 
6jcihtztcd by the ncti rated reagent already bound to the target areas, lathe case 



added to the ratface by either removing the- protective layer and thee adding 
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trioreagect also serves to dissolve the protective layer. 

An advantage to (be above target or target array rnano fec tnnng process is thai 
the fmjjF^y^ once coated with the protective fayer, may be stored for extended periods 
5 of time and then cued &t the discretion of the consumer. Another advantage of the 
target array is to provide a c 




10 pBo mot mH ths (agnation «f crystals ofmairima used in the practice of MALDL Socn 
tnatrbc crystal ^seeding* is found invaluable id the aotomation of the eciire sample 

HIGH THROUCPUT MACHINE 
15 The individnal components described herein come together to form a singe, 

integrated system capable of higb-dirmrghjna analysis of anah/tes retrieved 6om 
bin logics] media. Fna dhm erttal analyses begin with verifying the primary structure, 
lo_ s c pn coc c of ansiytss. O fte nti m es, a or»g*w hjgfc -cecniacy determination of 

m^ n1 fr " mffir;i!ti>«ft<m^^B pnrngry «ameftire af gmkiB^ Iftrighor 

30 preciskm is retpnred in wri^fag the primary structure of an anatyta, it is canvemaui 
to mass map the analyta (after retrieval) nsSag chcraicalxy/ag yma ricaDy active mass 
spectranetnrtanjgts. During socb mapping procedure*, an anaiytc is digested using 
H» g^i specificity cleavage reagents to produce a nmfalnde of* signals when analyzed 
tumg mass spectrometry. When -Hewed a3 a group, these -ngnaW arc able to verify 

25 primary Ui uUmo with greater preeaacn and rodnndmicy than a sing} a mase 

deternimatioo A h e u a uivcr y, these data can be used to search databases for variants 
of an anatyts thst drfisr largely fiom that predicted for a normal anaryie, eg. splice 

V> ftw> naftrr*. location cad ""g" 1 of thg ■vrrrirrtir^ Anaiytas end "variants present in a 
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oetivated n^ spectrometer target or target array. Because most anaJyte variants will 
da re 1 t a rgr ^frgr^* "^TKym^'^fy*""^ nrrmal acalyts, mosi mspping sisals will 
be common betwee n (be anaryte and variant. Hu ntiu . imrrmrmaQ. or man-stifled. 
ogpal i \nll also be presml within (he moping (lata. 1 ."sing these differential data, in 
3 coeab in moo with knowledge of the cleaves ftgcnl end information of the primary, 
tsrtiery. qnsnininajy structures of fee normal analyte, it is possible to elncxdata the 
earn of (he Venetian. Fcrhermcie. using knowledge of mas* difference* between 
component residues of the asah/te (eg-, mass difference between amino acids in 
proteins or nodes: acids in DNA/RNA) and aiacmatc dgtermirotiim of the mass-shifLi, 
10 il is poaaQile to determine the transposition that crested the -variant. Such analyses aro 



polymnxpMsnjs present in nucleic acids. Likewise, knowledge of molecular weights 
of potential modifying groups fag., grycana, phosphates, methyl, fimnyJ and me like) 
can be used in combination with mapping data to- elucidate the sites and oatore of 
15 chemical nwtifirem'ons of the anaryte rurally, reactivs targets des^aed to address 
specific modifications can be used in fee integrated system fin the denarnmariop. of 
the quantity (manner) of modifying moieties by cleaving them from the anaryte and 



m pr tf trttwr i rnWK vm oTt^ me present invention is used in the Ingb-thracgbpm 
s present in biological media. Using dns process, 
s (anal) te -tin species) arc sinmlhmeocsJy f eo- ie ved 
a and. processed Ihnaugn to mass spc cr r o cactry. in the same 
parallel pt o t es sigg o pfflttioc^ standard samples arc analyzed to prodncs working 
curves «roarmg analytD signal with fee amount of anafyte p rese n t in tba bkiogicnJ 
2? media. The amount af anafytD pcesantin each sample can then be earner judged as 

elevated rebcrve to other camples, or determined sbsohttely using tfct working curve. 

ma fiather embodiment, das present invention is used in determining the 
interacting p nr tn ers itrwolrcd in protein-iigsad interactions. Essentially, affinity 
TTT«^TfC^rrnTTn^ arc dcrfvatizod wife rig*"^* of interest wife the nrtenfacn of screening 
70 bioiosical media for interacting partners. The Kganris act as affinity receptors capable 
of seJectrvery isolating anafytes arum fee biological media. Once isolated, fee aaatytes 
are subjected to mass spectrometry for idemi^icatiun. Oflri i rim ea, three* mass 
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spo cteom otric analysis, arid a knowledge of components present in the biological 



cfaemi oiDy/cnzymati cully aeti *c targets and iho resulting fragment* (eg., protoorytic 
5 fragments) subjected to mm spectrometry. The accurately determined mnlicnfcr 

weights of tho trn gr r reT fr (and knmvkaJ^p of cleavage specificity) ens then used to ihci 



In a similar embodiment, protrin-Ugand interactions are investigated by 



10 anah/tcs In this manner, protean complexes are retrieved from biological media by 
targ eti n g cme of their '•'pi i ^ pn ents Using die aforementioned analytical approecbes, 
the identify and natae of tfac components of me complex arc men delineated 

gp»^fi^ ^ n7>»<M4fnwtT< in accordance with tho p re s ent iuv onions trill cow be 
described m detail These examples are nrtrnrtsd m be jXhismrtive, and the indention 

IS is not limited to the materials, methods or appaiHnia set forth in these embodiments. 
EXAMPLES 

Affinity Microeo!anip Mntmfa cwrt 

Below oo described tho directed formation of the preferred rrnho d hnerm of 
biologically Beasiiive afSnity-ligsEed microcohnnns ca p a b le of higb ihrtnjgb-pul via 
\ release and rapid, sensitive rod accurate mass ! 



analysts of specific cr non-spociftcal ry targeted ar.alytei The bdovr rxn m p les 
describe nnmotnu approaches. Jtrchitectnres and device deliveries to provide stable 
configurations m biological deb ctmfonii«eo t y. 

EXAMPLE I 



Parous glass motecnlar Craps are metered to the specifications of eonrmercialry 
avaabshk wide-bans P-200 ptpstlur tips using annealing molds made of stainless steel 
(100-1000 holes of 0.071 inch (entrance) per mold; 2-desn» taper, polished and 
treated with grzpbito release agent). The molds arc loaded with soda lime gjass 
30 spherical beads (150-200 |inu 75% SiOi, 15% NaxO end 10% CaO). and an&aciing is 

[equilibrated, t"*0) to S00°C (t=3 m^rTfr-r ene-ennuta cqnibTbrackm)- Upon 
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completion of the ramp-annerX the molds an iaxcddistely removed from the ovea 
and the porous ghs3 nciccaUr traps extracted from tbe molds. This process typically 
yields po rous gfess rnoleculxr traps with high-flo'w chart rr e n s rics tod appropriate 
bun: end taper to fir tbe ecftmce of the wido-bure P-2 00 pipette bps (nxnn 
5 temperatcro poroos glass molecular traps cfimcsisioTw: 0.06 1 in. (enrranceX 0.092 in. 
(length.). 2-dcgrce taps'). 

tn o preferred Tt h* ^ iu tg m ttt» molecular traps ore then inserted mXo ttte top 
of the pi p ette lip and allowed to located to tbe bottom section (narrow section} The 
molecular traps are try** by the applicatiaa of a sufficient zmoont of pressnre 
id applied from the tap The pipe tie tip may be heated prior ngertioo of die umlccuW 
trep to aid in die seatin g pro cess. 

Sample rm*« spectra aaog an affinity microcolumn prepared according to ttaa 
example are tTJirt l i »l r<f in Figaro 2-5. 

EXAMPLE 2 

Cc nrmi>- molds are described to manufacture parous Pyrat glass n z olKCufar 
traps. Ftoron dn molecular traps are metered to the Bpec&csbaos of cormncrcially 
available wide-bare P-200 pipettor tips using ceramic nrneaHng molds. Zirear typo-R 
plates (four by she by one-quarter inches) too purchase from Zircar Corporation 

20 (Florida, NY) and were cud-mill surfaced fbr nimdnrom Harness and CKC marhmwl 
• (2100 holes, 0.0625 mchboaom cut, 2-deyee Caper). Four of ub ceraram molds 
loaded with hall -milled powdered basrosihcale "Pyrex" (are ranging froxo 4 una to 300 
urn; 81% SiO*. 4% Na^O. 0.5%K 2 O. UttBjOa and 2% Al^OJ, wen stacked in a 
furnace erhere they enderweaL ntitial tempsxirure equilibration, using a slow 

25 temperature up-ramp (60 mtonies) to below the Pyrex softening, pninl (316°0). He 

PyiBOt anrftraiiny pqmt (IHIf), which was then lira n led for abaci -thirty mfn Tt tCS to 

farm por ous gtnaa molecular a ana Kor concerted r^rt treatment (using enhanced 
allies glass): the molds were dowri-ramped to 708° C where they were maintained tor 
30 2 to 20 hours (depe ndi ng on die amount of etching desired) prior to a slow final 

teumeranir e ramp down tor removal. When immediate use ia required, die molds are 
slowly temperature dowo-camped to a reasonable retnervxl temperature (generally 
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500°O to eroid glass cracking, This process tycaceJly yields parous Fyrex gjn33 

s with hn gh- flex, characteristics and appropriate bore and taper to fit 



the en t r ance of the vride-boro P-200 pipette tips (room rortpcrature porcros &3tt 
moleeator traps dsmasaonsr. 0.0625 in. (entrance), 0.130 in. (length X 2-degree taper). 
3 EXAMPLE 3 

Forma silica gfass malecvfar trap manufacture using ceramic molds - Vycar 
The ceramic molds described in EXAMPLE 2 ana uscdtomoacftcmipponwi 
Vycar glass molecular napa Zhxar typo-R ceramic molds were loaded with 
p ow d er e d "Vycor" {Coming Corporation), porous Vycor (Co mm g Corpocaaoa), 
10 cantrollod pan w a glass (Controlled Porous G^*. , NJ X (see ranging &om 4 urn 
to 300 pm, depending upon desired fLow-mrough characteristics; 96% SiOj), and 
wero stacked in a furnace wbere they underwent fnhiaJ tEmperarme eqnftihratioD, 
ltc '"3 a slow fn nprr gmr ^ up-ramp (90 minutes) to below the Vycor softening point 
(1500°C\ they mrc ibeo expriJibratcd for flurry mmalcri prior to herrtg ninpcd up to 
12 about die Vycor safbemng point (1530°C), which was mmnratned to form praws glass 
molpcnlar trapa. The wolds ware alowly temperature dnwrwamped tn a re asonab le 
retrieval temperature (generally about 300° C) to avoid glass decking. This process 
typically yields poiocs Vycor glass molecular traps -with high-flow characteristics zrd 
appropriate bore end taper to fit the entnmeo of (bo wide-bore P-200 pipette tip*. 
20 EXAMPLE 4 

Porous silica molecular trap maraxfaenxr* using ceramic molds - siltca get or fused 



The ceramic molds described in EXAMPLE 2 arc oxed to mamitactnre porous 
glass mo kTTTdnr mips nstag nHca gd or fi is od silica. Zircar rypo-K ceramic molds 
25 wen looted with powdered paeons T*t**^ gel (Sigma Chemical Company) or msffd 
ohca (Ccroing Ckjrporatkm) (sizes ranging &om 4 urn to 300 pm depending upon 
ify^'n^ ffrygfa tli iW M g h e*iprpri*uKt\r*r- |Q0%SiOtX tmdwere ItOCked fn afiwiKg 



p(90 D 



a) to below die silica roftrrnrtg point ( 1 5S0"C) where they sne 

rules prior tri being runted to about the silica softening 
point ( 1 5&5°C\ which is tfren maintained lo (Urn porocs silica molecular traps. The 
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(generally about 3W*C) ta avoid silica cracking. Thin process typically yields porous 
silica w^^ilm traps with high-flaw rj-^nrW^. and appropriate bore 2nd taper to 
fit die entrance of die wide-bore P-200 pipette tips. 

EXAMPLE 5 

5 Eu:htd Parents silica tnafeatlar imps 

Hyper-porous porous when mole cular trips Format! cm is acccmrp listed by 

rrvpfvying pQfQCS ^j tici molcCUlOT tTHpS farmed LD ExEdplc 4 tO VariotQS 

ftTf*ttm f J >f .i ;■! t rnl i-tr .f i f pj g frynAiri e*** For exHicpIp, portras silica molecular traps ore 
placed in a sohmoo of tqueocs HF (25-30%) in absolute etbanol while epphrma an 
10 etching c uu e ut (120-200 mAtm 1 ) and irradiation (1-50 rnW/cra 1 ) for one to twenty 
minutes inereby dearing pumas sificonbydzidc vui fw-rx 
EXAMPLES 




15 B ommcr cta Dy gwflable «rirteJ*Mg F-7QQ pjpctmr ftp" A metal mold is coadhined, 
having either * icime incline (relative to the previous irmlrk, Le-, narrow zt die top) 

■round the openings lo cated at the bottom of the mold (for porous powdered metal 
exit by a pushpin). The mold resta upon a removable bottom plate, is locded with 

20 powdered mctnl (ag_ , brrrrt, copper, silver, ko1J\ and pressors (com m n nnm U to 
farm individual welds between metal particles) is applied to ths tirxcatedftaised 
powdered metal sarfacc via a an Arbor press equipped with a c ompl gmgntzrv pntb- 
pin for each hnSc After tbc powdered metal nxtJecuicr traps are fhon ed, the bottom 
plate i* ranoved. and a pushpin is applied to doo n sim * end of the hale to release the 

25 parous powdered metzd molecular trap from tho mold Parous powdered metal 

molecular traps are oven annealed to en h anc e architectural natality and fhnn met a l 

It ibntdd be recognized that the molecular traps may be made from a variety 

i TF'tTTiq^ff r ni BTt be able to bind a ffinit y rea gouts, ax chemically modified to bind 
affirdty reagents, to their surfaces. The most preferred materials or combman'crni of 
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materials h*ve trigb surface areas oi are capable cf being modified to have high 
Baf &C C ajcai. 

Whfle the above examples "ti^r^ a tapered prude for the rrnrrohnnas» non- 
tapered ur dopes, such as cvlindrrca] cofamns. may be used and stiil rhJl within the 
5 scope of the p r esent inventi on. En deed, for hagb throughput embodiments, tbe oeo- 
t np crcd form is preferred tinoo tbe tspar slews tbe m ai mfi » 'rar ing pr oce ss. 
Chemical Actrmrioa cf tbe Molecular Traps 

EXAMPLE 7 

10 Porous mnlecclAr trap* formed via EXAMP1.ES 1-o, or other equivalent 

proi * p es, may undergo pgetoeanncnl conditi o ning combining various water. cracraJ 
acid treatments, and concomitant water noses and drying prior to chemical 
derrvarizanbn («aamaation). For example, porous class roolectdar oups or© leached 
by sospending *>>m in <figrfllg=ri or purified water (generally ten Gold by volume) under 

is dawed te mperatur es (typieaDy below tbe boOing point of water) with orbitd shaking 
for I to 24 hours, with (or wilhcral) rvro to three change ours a F fresh waxer. All -warn 
is then removed and two snbseqoeat acid ueatn waits applied. First, IN hydrochloric 
acid in water is applied (ten ibid) over me parous glass molecular traps, at elevated 
temperatures a time, such as one to two bears, and water rinsed untD a nsmxal (or 

23 near neutral) pH is obtained. Second, IN nitric acid in water is carried out as 

f y rf f>rn7«-*< with the first edd tregfrneot _ Tbe porous glass taatscnl ar txapx axe i \\ "v^ 
otxber at rocai temperature or in r. vsanm oven (10Q"C, I aim, crverrrigbl). 

The dried/preirealed porous glass molecular traps are men chemically 
acdvatcd. such a* by coating mem wilh a ^bearing reagent, eg. 30% sibmatm g 

25 agent, en. W-f^rnrmHWivy'ri ry)rMrrpyT]«rtry<fWT« vr^ rrtrinft , is «nbydrocs tntoene under 
reflux with orbital shaking overnight, to produce fimrxi o nalTTr d porous molecular 
n ana "lie p"^ ,T>< " ^fya r ^ d parous molecular traps are allowed to cool to nam 
lanpetalnre, rinsed tn methanol under reflux, followed hy room temperature rinse*, 
Tintfl the supernatant is negative to niuhydria and/or trimtrbbenzoic acid (tabs) 

30 anal ysis Other, rft^fhl 5Tft ,ltrt ''t tf i cagent a include, but ere not Lnnitod to, 3- 
(o inff**wrrynTy)i'f 1 Tlfr^ acrytote. 3-^trrmBtboxy3iiy)prrjpyl anmmo, N-J3- 
(oune*osysily)propyl] amline, N143^triuiethrx)rysily)piopyQo^ K- 
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[3<crirrictbocfysiry}pro^^ m a. 3^TrirBerhaxys^)propyi methacryiate, p- 

(m"TTtf ThfTTy tjfo)pTr^1} o<T B ^ " < ^ f t^^ ^* T1 '^^ chloride, 3*J-{3- 
(trinu^iimyxfly)prop>i}pcAye&>-i rnfrn fn b. Nl-13<oimedfflxyiiIy)piupyI]ca^ 
acid, aminopmpyhrieihoxysxraiK, 3-g}>odoxyprop)4irlnjrlhcixy?dliZic. 
5 thio Ipi uipyltiiinrfboxysitEn c cUorogRopymiiiiciboaQr&ls&Q. 

octBdeqrtoimeduixysLlaiie. ootsdecyitrtchlorcsilsa. U4.2<trimethoxysi}yt)ctiiylJU'- 
methyrparye^hytenc gr>t:al, siJyl aldehyde, and the like. 

These reactions may be accealiiaed by base cararysis, such ss using 
trictbyLannBC (TEA) mV^' to the xeacbaXE* or by pexJbnning than under pressure by 
lO applied vncurnn (ca. latm). 

MicckJihuu Homing (Pipette) jVleinrrecture 

In the preferred embodiment, wberc cac -tapered m olecu lar baps ere used, 
miexo-pipeass, which are mod as th- microcolumn hocsmg are modified as follows: 

Microcolumn housings, s rtch as nucr aprpe ae rip* are forme d, eodb as by 
15 mjectitm rrm|df"g or other means weB knmnu in the aits. The distal end of the 

housings are modified from oi (fanny microprppcttes by rjnmdrag ai least arte inset 
projection, socb as a ledge, hi one cmbodimrnl, the projocfaoc is a oootinootis ledge 
that foBowmg the nxner (t i miw rter of the distal cod of the houstog However, in n more 
preferred embodiment the at least one inset projection is a single tang ox trianfpdar 
20 projection, more preferably, three tangs, and even mare preferably six tangs. T Trrrt , 
wfaenihe mrirrrUm traps are loaded into (be honsm&, each rests ■upon the vA least cme 

the of the bousing dxroctxy a djacen t to the molecular l utp s arc enmped inward to 
a degree where (ham is slighl fri coons! contoot with the molecular mpa. Car© most 
25 be oat to over crimp ticce thai would destroy the contained moleculzr craps. In 

the boosing while cooling the contained molecular I rap with a flow of cool gas (an 
inert gas is preferred). The heated housing is then forced inward nsing a gnduo] taper 

30 Batch Fnactjopafity 

EXAMPLE 8 
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BaScb direct . 




of junctional tscfiporotzs moli eidaj traps 



Direct batch activ.aiiocAleu.vjM/flnnn ofi nK jucoliumis Ergers tuy reanjve 

5 myriad of ways, ttrgcung acuvBnoofcoo mggtiaD chonoznes for biological 

ananas, ca rb o ay fax a ci ds, thrift! gjuups, salfiiydryls hydicutyls, aD>4 groups, ozj des, 
aldehydes, bydnmdei, midemiides, tnozmo and die like, thai can be activated wfm 

10 The '^^v» rnonnptg illuslraJc* uoc of Lbcse approaches by incorporating 

grntsraJdehye bcuvumju mllcwed by 1 tgand coupling thrOTjgh primary niuirts ^unpa 
with aldehyde pDtrps on the ^lutualdcbyde-pudous motccuier trap. Kist, a rm no 
fimctoanalizDd moJecular traps era coupled to ghjiarmldelrye (a 25 % sohnioo in 0- 1 0 
M codram pfceephate, pH 7.S, 100 mM NaCt buffer} using Bodhsn cvanobohydride 

15 (10 mgmL) mediated coupling (reaction times ranging from an hour to pvemight). 
Aflu several man with tha phosphate buffer, the activated aldehyde groups on the 
gfateaJdehye matrix ro iaccfated with tfco Eigand of interest, soch ss a protein 



antibody. Uncoupled (execs) hgandis rem oved by extensive rinsing with HBS 
hu&r {10 mM HEPES pH 7.4, 0. 15 M NaCl. 0.0O5% Surfactant P20). This 

The molec ular traps axe then packed into the P-200 ptpettor ti p s, 



Microcolumn aetrmion with amp 1 1 fi ratf 00 allows another appr oa c h far 
addbrssasble T* g " nd conptittg To t j ^ ** *™ id txnxpHSicd wtt»> h >» surface, rniA to K4gh - 
mokcalar weight amtne^wiyniers, such aspolyiy&ine, aminodocfrBn or amine 

30 molecular Inijut arrrfarm through o vnnety of appropriate chrmi'arn e a . A 

^n t :TBM ^y de activated annua microcoraon is incubated with, porytysino in a sodium 



EXAVCPT.K9 



Botch amine acttvatvon, antpltficattoB, reactivation urui dzrmtizntwn of 
funcUonaiized ' parana motccaSar traps 
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c^anoborobyrfc-ate mediated coupling. This polyxmine microcoftraaa U then r©~ 
actrvatsd using glutHraldeliyde, vrzvsr rinsed and protein Hgand conjegswd. 

EXAMPLE 10 

Damping of nonspecific binding via basdi surface amine mndifianian 
5 oatvaxtanfderivatizBdan af faac&malised porous molecular traps 

MJGAND 

Another approach to Hg y*? hnaaobfl iaati ini is through cocphng of Ugacd- 

bome carbox yi groups Co surface mnna An opportune way of clearing an amplified 
to Bunco wn fi arr is Chrougb cxcav-Unkiag iiglxnclccu! ar weight polylysino. 

tunjeod^xfran, *tnm« modified stsrbuxst deudiiiuer or po^yscryUQrdrBZidc to the 

Ejmetjanalircd porous T nnlrm 1 i i ir trip^ snricsc followed by distal carboxyi geaenmon 

throagfa a variety of chemistries, socb as EDC-medzstsd Bpfagc of carbaxyt- 

f/T m i * rra rw< rtnm 4i"nlnOT C°-G- su ccini c or ghilsrLC anhydride) ot bisorirBoe activation 
IS (reselling in an epcoride-ecrivalcd scrface). Th=se carboxyi microcofcmms =rc then 

used to imnaobttfxc low-pi f»"*Ht> Kgands via ca . EDCVNHS-rocditrtfal 

actfvatinn/eotmfix^g. Specifically, pcryrysinc niicxooolnmiii arc immtxatcd in bulk in 

Bccrimc (or gfanaric) achydride (100 mgAr* anhydride in 0.'2_M sodicm ace tate pH 4- 

5) with rfco reaction allowed to proceed to tomprffrion (i.e, negative tabs and 
20 mrJrydrin arable testing) generally for roro to four boon, while pH is roai rrtann e d by 

dihjts hydrochloric acid addition. The cas bo a cy cnicrocolnmns are then activated with 

lOOmkfNHS and 100 mM FDC in water tar 10-20 minntia at room lomp c ialu rc. 

water rinsed and a thebt vaccnm is applied prior to protean ligaad coapKng (antibody 

1-10 rrt gfr il HBS buffix pH 73. ovemiznt 4"C. ihaktaj. 
23 EXAMPLE 1 1 

Batch polymer modified carbaxyUc add acsrvatUmfderrvaxturtion offiatctioaaliad 
porous moltca3ar Traps 
Another approach involves pttV- anpHCcncon with watex-*o1nWc caibnxyl 

containing polymers ( carixxxymcthyi <3odno3» caxboaymctfayl agaro ses. 
30 caj b og ymcthyi criMosca. carixorytneihylamylcwi poryghmmMo acid, poly ecrytio 

fii~)ifa_ cnrboxyl ynn rtifif*^ stmborst dendrimers) t^v^ caibaxyoiethyi dextno, followed 

by co Tailing of Uganda, sncb as via interaction of primary amine groups with the 
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cnrboxyl ffoopo on the dcxtnm mflinK. Post, the 



frmiJ loncihrod miorocoln nim 



are coupkd to IS kD» carboxym ethyl d eatran (CMD) executed in LOO mM sodium 
fhnepWx pH 4. 8, 100 mM Nad buffer, via EDC (1 -em^5-<Mtniet!jyl«miaoi»opyl) 
i M rtw d uag Jc) ta e da tad coupling. After tevua l rinses with die buffer, the 

5 uibuiyl groups ao the dactrau matrix are acti vaitd with a mixture of EDC/ N- 

bydruxy smxmimide (NHS; 100 mM each, in H^O) end incubated with the bgsnd of 
interest, such as a protein antibody. Uncoupled (oxdces) ranibody is removed by 
extensive rinsing with BBS buffer (1 0 mM HEPES pH 7.4, 0.15 MNaCl, 0.005% 
S urfa cta ci P20)s, after which tha mole cular traps are pr-frM i nto the P-2O0 prpcttcg 
10 tip*. Tha deriratrafatgi process yield* nacmcoLanjns with a higher binding capacity, 
compered to microcolumns for which no amplification layer (the CMD matrix) b 
used. Although *frftTmti*l »TrrirMv-<riimrm flr ji vwtifm Ktcp rcsnlti tn amine Surfaces (de 
fpftrf a " fim cri onaj surface), it ia pre&nned to omplify tbe surface in order to in creas e 

13 (botrw geateots) srrrfer** rrr^trrtg thra nghm r tTw entire microcolumn (thereby ledncmg 
potential mtem i DOM tfctzl may occ u r with tfac gfass substrate <md result in ooo- 



Bcacfr carbaaymetbyl dsxtrcat carboaylditmldixaote (CDJJ ocxtvatian/dzrtvcrtzaJicm of 



Yn yd another approa ch to Ti ggryt ii mm < U rrari«K r» the EDC/NHS activation 
procedure of tbe CMD layer i* replaced by an ocfrratkm with N, W-<jnbcxry\ 
duroidazotc (OjI). This ac&YBtxoo results m cuiixuyl and by djuutyl groups present is 

25 Oftfl p^TT 1 "Ty "T r Tfll M 1*"* fVry-fTytg [uiniui t fr» rrffirtfty tt ggw^a FoT imXBSCB, CMD 

mtcrocohcsDS are rinsed with acetone followed by ifinaetbyhalfbiade {DMSO). A 
100 mgAnL yMi p" of CDJ in DMSO in then overlain above die CMD rmorocolnmas, 
a vacuum applied, and (be acttvattoo allowed to proceed from twn hours to overnight 
an en orbital shaker. Tbe CD I activate d affinity pipettes ere cximsrrch/ rir ae d in 
SO DMSO followed by acetone to men o CDI- uUivuied CMD miorocoiirrrm 

Importantly,, the CDJ-ecrivarcd media is known to be reasonably stable, with shelf 
UVes oo the order of months given proper storage conmnons (Le_ (wn) rsopropsnol 




EXAMPLE 12 



20 



fnT t rSi on aitz i d porous uto lccolof traps 
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or (dry) inert gas or vacantm). Huts, the COI can act as a stable activator of tin 
mi crocohmms and increase the laagrrity fiat pre-acrivaitd supply. AJtErcatwcIy, the 
CDl-ecrivsrced hbbt i u issobotcd with fee protein emSuOy of interest Uncoupled 
(excess) antibody » ren mved by extensive rinsing with HB3 buffer (10 mM HEPES 
5 pH 0.1 5 M NaO, 0.005% Sm&ctant P20X after which the oaolccnlsx caps are 
packed into the P-200 pipcttm tips. 

EXAMPLE L3 

Batch tn-stru pofysmrzztzziojj or eo-paiytaertaxttaa via surface potymerlsatSan of 
or^ano-fimctiunnltzzd parum g&m mvJeadur trap 

10 Ixi ibis example, cw^Ano-^H^ctioiializcd pomtii glass ciolocxilaT traps (c a_, 

machac^trrmcdKncysSanaied) an tn-sisu polymerized We fieo radical initiation. 
Typical co-polymerization mcmomcrs used inchad* bat htc not limited to aDyi 
decern, alrylanrine aDyl gjyctdyl ether, acrylic acid, and viayldimedryi azlactooe 
which can mcarporaxe cross-lizitLng agema, inch as medrytene-bi^acrylamioe). cjing 

IS typical britiaring reagents tv* as teiramstrdaedtarfrine (THMED) or K.HXN'- 
ten^methyl-l^-diainmocthaos end auuTKmium persulfaie in water. The degree of 
crosa-fadcing and polymer size is controlled by araewmt of initiator, porymcrfTrrfm 
tone, and available tnonocoeis for tcrmimnioiL This surface reaction rts-jra in 
rhnericml groups abounding within the poJ>meric coarrix. which covers the molecular 

Z> trap surface. These grocps are then available Car gaivarioc A ^ mj ogaricri to figznds or 
^objected to additional activation and aaapEScatwm prior to actrvarjari and Egand 
ccnplrttg. 

EXAMPLE 14 
Metal chehaar modified porous gfass raof ecx tiar traps 

25 The moarporHticti of metal chelators into parous glass molecular trap it useful 

for metal binding bsmnolecuie retrieval Amine or paryamiae mxcrocohnnnj, 
prepared as in previens examples, are owbdnin 0.1Mphoap!Dae alpH 7e*d 
evacuated using a rotary ovaporatca. Primary ammo surfaces arc than directly 
coupled to bsfnrj ti ocal i"fr**^"*' m 8 rg^pt* soch as **Y' yt , * ,r *t ir ' rT,, " i J * Trnnn *& yei 

30 omrdrydridc CEDTA-DAX and diemylanetrmnnriBpealaacetm (fianhydride (DTPA-DA) 
at 20-100 m&AnL to form metai-chebrmg arms (TED and EDTA respecabiy) able to 
bind rightly metals in a cooidiiiaTian compter for biomolecule trapping. 
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Alternatively, cwtal-dxlators soefc. as exhtfsnedMrrmvttapbospbatie acid 
(EDTPA), I.V.IO-tetracycIonDEaije4W^ acid (NOTA), M,7,t0- 

tettasrs«3>c!ododeeana^>^^ acid (DOT A), MAI I- 

Lrfraxra cytArteti^decane-N.hr ,N",K" '-tdtreaceric acid (TETA). U-faisQ- 
S aniinophaio^)cdi»©4UiJW tetraacctic add (BAFT A). N,Nlbis=arb<JxymEthyl) 
L-hysmc arc sohrmm acuvoird using for instate- KHS.tOC (100 mM each. 0.1 M 
pSrw yhmtw, pH *7 ) mediation to ample carhmryl groups to localized surface primary 

EXAMPLE IS 

10 Formation qf bioxtaaic ligandx, prep ara tion of batch d^^meeionalizsd porous gfass 

Synthetic dyes axe usnml affinity Ugzods by virtue of their reactivity with a 
■wide variety of biological materials. Reactive dyes encompassing but not limited to 
triarins dyes (i.c, reactive black, reactive blues, reactive browns, reactive greens, 

is reactive oranges, reactive reds, reactive yellows, erKx), far instance, have been linked 
tn gnripo-micrpcoriinnn using a simple ap proach , The triazzoe dye of interest, ca. 
Cibacron Blue at 50 rag/mL dissolved in distilled water, is added to amino 
nricrocolamna in a round bottom flask and allowed to react overnight under Jo-vr 
ceftrix. After ligrnri coupling, tie l^ommiic microcolumns are rinsed -with water and 

2£> incubated with 1 N salt cohrdoo under tow reflux for thirty m iraifr? After extensive 
water rinses, the bsrimraric microcolumns axe dried either in ur or under vacuum at 
90*C. 

EXAMPLE 16 

Formation often exchangprfvnetionatixed porous g/ass molecular traps df batch 
25 The incorporation of inn exchange media into porous glass molecular trap is 

useful fbrhfff-mi> 1 '* < ' T ^^ 1i'r> lt '"3. retrieva l and analysis or in sample cleanup as in 
desalting surfactant (SDS le tuov al). m tins ir> &p*'\r~ r the ami"*' az polvarmoe 
i n i i c u rarfiirTTTK are activated targeting fox example asrbohydrata hydroxy! groups 
rfrotwrr^ iridjm doca m » lfrn crrfwn»ga frp-atiw <cg_ dcxtzn-sulizrto. cictbylaminocthy- 
30 dexlran (DEAE-dextranJ, heparin-sulfate, corbaxymothyl dextnm (generation 

described previously in EXAMPLE 10}. Pi imaiy t^^" surfaces are activated with 
bi&Bctional <or acdvatmg) agents each as marine, <fc\g£ycidoxyetber (oarincrines en 
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epoxides) prior to dartfnm ion exchange carrier coaplirtg- Likewise epoxide- 
fhnctiacaHzed mtciocohimjs generated p en mrri»i silylsnizxtjan reasrioss or via co- 
polymcrizznon are used fbr den v atig t l o n . 

AJrernanrelv. amine nnCTOcohmna arc inculatedAxmpied to activated dckiran 

3 canay A farther example Ls the use of aldehyde groups on dextrin carriers 

asp e rate d by god inm mota pcriodztc oxidahoa of dextxas (vicinal diols) too exchange 
camera. Spwafitmlty. rfntnm km "xrhnnc" rwadta (10-100 mgAnL) t* fn en hatr d in 
fhe dark m IM sodium mem periodans {in warer). fa two hours after *rhic\ die 
oxidized dcxtran i"r exchange media is cither precipitated in organic ^ n^annl ^ rJhrT ) 

IXy or dialyzcd in wtH mamfi Oxidized dcxtran too exchange m** 1 ^* is then 
fomrq iT«^ with amine or poryannhe nncrocotimnis <0. 1 M phosphate. pH 
EXAMPLE 17 



IS and Itgsods in i m tn^iy-^h '•nrtf^y These affinity proteins include bar arc oak limited 



protean A or G. are mcnrpcirated tain porous glass molecular traps, far distal coastal 
region (Fc) antibody eaptnre or capturcteonjngstion with suhsequeal cro3s4inttng 
prior to use as HTrol'-'^Eri'g retrieval agents Avidin/tnotm systems are used as 




t, are ovadain in. CUM phosphate aJ pH 7 and evacuated astngn rotary 
25 evenomtor. Primary amine i n f B ce a ore then ghimraldbyde activated (25%. 4 to 24 
boors), iin?rd, and directly co ppled to functional p n u f i n ag e na (or amine or 
hydrazine rrH^fi^ btorin) (1-IOm^mL in HBS-EP) in a sutfiuni ey^horrJrydride 
(0. Img/uiL) medbted cmjuEn g. 

EXAMPLE 18 
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Prolan modjficanonfdtgesBon using microcaharms 
Biomolecnies with specific modifying or digesaan properties arc ascd as 
receptors and Uganda m biochemistry. Tbcso liimoLsailes t ndude, but are nut 
limited to, protara, penfjo'rt. enzpes, oafcalytk anybodies, and thefike. 
5 For dandle, trypsin modified mkrocoiumn t» prepared as in previous 

examples. When cctivnlBd, the trypsin will rariko epecific digests al either myiiiii ia or 
lysine points in amino za d Bcqpcnces of protean, mch at a tsxncted anarjtc pi o r e i n , 
Alternately, other receptors may be usrd to synergized two biomoJecnles into 
a single entity, sncb «s pfcosporiii^alicn of an aoarytc by mtmo b flng d kinase. 
10 Tnreet Wmn&ctnre 

The cuueut target desgns ussd by the commercial rrmm ifecttn CS do not 
cdoqtmltly support the rigorous end CBDBEteot too of arrayed and/or bioreactivo 
targets. It is of great importance fcr tbete target! to achieve a high degree of rmer- 
sample iep;uducibiiiry. 

13 There are at least fft r r tr targels designs cnpttM'* of correcting the problems 

Targets otjEpng pfeseaao 

In 8 first embodiment of targets sccordrag to the present invectioc mere are 
"muclted set*" targets cvbsrezn a volume of snalyte can be applied to a stn dry rtrfirtf d 

20 axes witbcd the worry of i^uwHtrog beyond the ecbve area of tbe l»*y c4 . Votcsnsa of 
znafytc trill meniscus on the top of a plateau formed by the target sod, if correctly 
designed, win not seep down die *TfV* of me p lateau Because of rtn* meniscos 
action, the anaryte wlQ generally be in an aliquot volume of - 2-3 pl_ This volume 
will fcBy cover the - 4 mm 3 area of the target completely, with lirde co oe em of 

25 qraBna onag (fas BGzvxnatzcaOy-activo area. Erratic digestion do** to ajcpcriog the 
ssjSytD to varying amooors of en^ryme is therefore ^lnninji^l by fully covering (only) 
tbe active surface of the target. In addition, die ~ 2-3 pL vohime will not evaporate if 

becanw of sample drying b therefore eliminated hy maintaining the ccarfant sample 
30 Totsme ao the plateau. 

to inBMT& t tine, TfViti acre plstcsns milled "itn iTi w ^ n ^-^p^^ targets that fit into a 
I n r^r i (stainless steel) target thai is dtimarnty introduced into the tr re t n n r re rt* The 
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height of the plateaus is determined empirically, with the criteria of fin^rng the 

rmrtfrm-rm hHgfat frr^Hmy V* ayntf ^TB1^ g cpr»-^tr'C A height of — 0.5 tmEiTOCtcr is 

usuaBy wdetTnTf*; a hwgfti that can be easily introduced into the acceleration region of 
a]] MALDJ-TOF ir» '^ i " irt* » lMi (miniimnn de ajau cc — 2 mm) Tho overall «^m^rreir«rty 
S of the plateara are roch to adeq ua te l y co nfine an^rytc withorrt udrodacing 

Lnanrcoenis vin a toagno-io-groo-re design. Because of ibo thin gang© of tfco targets, 
and die necessity of having a grooved mora dug bracket, it is impractical to mill 
10 (machine) these tur^cii Tbcrrfbrt. a press mrthoH is used (prrvaiig ibe targets than 
the backside) to create the plateaux Note, the p ressin g method rcqoges the 

15 Initial ry, base itugets are made of porysfyreofi, which is compatible with 

gajwrng prnpertic*. However, other pofyroeric materials may be used. An advantage 
of the porymer-based targets is thai they can be manufoctnred in large quantity or little 
expert sa, 

23 The criteria far aiocesa wirb thii type of target is to determine an opdrmnn 

plateau geometry that: 1) adequately cnnfiii-a sample volumes to an exact »ui T ^t, 
area, 2) does not detract Com the p erfo rmance of the nwrmroeni, and 3) is easy and 
c ost-c gc ct i v c to mesa-produce. 

HLydi cphcbaBftrydropciUc contrast of targets or target arrays 
ZS A 880000* emboQxroffrt dm i gn for high- j epi odn c tm lity trioreactive targets is to 

contrast euzyjnaricalry active sites with s hydrophobic madia capable of confining die 
analytical votnmo to aery the active area. En tfcis appro ach, the osjme is 
nntnobiloBed to gold/US P/ onymc spots located on top of a generally hydrophobic 
target. "The simplest vray to mjnmSacrnrc the contrast devicca u to construct them out 
30 of a hydrophobic material sash osTefloa. Ooid sample areas are pie ced an the target 
by a m adri ng/spurier-coat process. The gold areas are then derrvattxed tran g our 
normal accvarion^mirKJbilixstkin methods. Ctee cone cm regarding the Teflun device 



S2 



(93) JP 2005-503537 A 2005.2.3 

WO 0MB2QM PCT7U502An54] 

13 fhnt of surface rhurgi ng in the miws spectrometer. Soch. effects (charging of the 
ssiEplo s tage by removal of ions) ire always a coccern in mass Epcctrosnssy design. 
MALDI-TOF analyses have been done from sample targets made of son-coadnctiag 
materials (e g., quartz taigas or gels) with only minor effects due tu sample idiargtng. 
5 These effects are even further minimi red using fee delsyed-cxtracQoo methods 
available on all commercial MALDJ-TOF incre m en ta tion. Hrrwcvcr. any 
rjejtnrbations to moss sj>eotromefeei perfbrnans© due to tile unset* muy be eliminated 
by each methods as including electrical faking of the en^-maricaQy-accive surfaces in 

10 Another puxstbOzty fin contrast devices Is to derivative metal-base targets to 

create a hydro ph obic sn rfae e onto which bydrophiuc etuy mancaDy-scfa vc areas arc 

previous approach. It is necessary to follow s muln-step protocol to first coot the 

target with the in, -drop hob jc media and then gold-coat a pattern of sample spots onto 
u the hydrophobic coat using a masking process. The process involves: 1} Spurter 

coating of entire targets with gold, 2) Activation with DSP (if necessary), 3) 

In nnofaflgolioo of hydrophnhsc compound, 4) Re~spufter t-*F^y I* rretng pattern H^**^". 

and 5) Activate fresh gold and irrnnobiiizB enzymes. An example using this proccsa ia 

to gold-coat a target and dezrv3oze with 1-octadecanethiol {skip DSP activation). 
20 This process has bees i imri to cxesto C-1& desivutized scrfaces. These tBrfhees are 

mghry-byihophobk: as can be readily observed by beading of vraler. Once the target 

is dexrvatmxl with bydropbobic conrprand, a pattern of fresh gold is .applied by 

masking '"^fl sputicr-coating. The fresh is then activated and dssirstizcd t*^"!^ 

eg, the DSP/dextren/crrzyinc cnrnobilhattoo p roced u re. The process results in 
25 trwhopinhs, m/y mftfi mlT y-Bctivaied spots surrounded by a hydrophobic media. To 

enhance visual contrast b e tw e en active and hydrophobic areas, hydrophobic dyes 

containing a single primary "nt"" and no othn" cheroicaUy-TBacttve group (e g. Fast 

Violet B. Methylene Violet 3 RAX) can bo used in place of the C-18 layer. Likewise, 

ether classes of dyes or cfrrornaphoric hydrophobic compounds can be used to create 
30 more visual contrast between activated end hydrophobic ■ areas of the targets, hi 

profaned embodiment irydYopi±31ic mecantormdecaooic acid dissolved in isopropanol 

is flash rnicn>deposited omr> the arrayed cajgeo, dried, and covered with octadecyl 
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nn»f ^jfp fr nn nmidJy formi ng contrasted Lxi got gotj'S. Contrasting con be reversed for 
h yditip hobic azarytsa, c* any cotnHsaaon thereof; mclading mixed SAM 

Tbo rrttnria Cot XOCCCSB 'orUll this type of targci is to find general dsrivnttmrinn 
5 methods (for hi gb comrasi targets) thai are nut too labcr intensive or costly to prohibit 
large-scale Tnannfrccirs. 
Jntfividaal targets (Inserts) 

A third target ambodrnjent design is thai of using mdjvidaal areas (inserts) that 
after Htg^n'nn mn be inserted frrm a base t b g * fits into the commercial mass 
10 spectrometers. This approach emulates Ibc "matched set" target* described abu«c. 
The inserts wQl bo of either plateau ar rrmrrp** design, zed will be co oaom i cnl to 
denTStrze rrwmg higfr^-r cost enzymes (by using smaller volnmes of higher 
ccacenrratian reagents). These targets (even when derrvatized ^Tth low-cost 
enzymes) ere very economical in terms of cost in research applications where they 
15 can be used one at a time. 

The necessary hrmtaxiaa for *™r*ri~Kw v»i£b mis type of target is to construct 
"matched set** design targets as inserts ft^ffpg into the l «r g^« f accepted by commercial 

Bioefcrips, and smaD array targets 

zo Another embodiment of the target arrays is incarporarinn biareacrrve surfaces 

xntaAonto t»« f tfiri j chip-based bx> analytical phtz£arma> MjcrD-chanuel devices (chips) 
are now used in protein araryd* and are idea) pUHbxms -for biomnlecuJar scpaiatinn 
(in one dimension) followed by enzymatic p ro cessing (by driving separated 
biomolcculc m a second drmmiion over sn craymndcally-actrve area) and MALDJ- 

25 TOP analyais dir e c tr y from the chip. 




Ta an another a hTi Uf Tt* embodiment Mrrfaco amplifying media arc used to 
increase the activity of the target amy or the cna^maticalry-actrvo targets. An 
30 >rr-»rnp1»» f r n-rpiifii-nt f r r n [3 performed rw^-ng sohrffoq Iwivhi.1 polymeric ampftftcatioo 
either single step activated couplings, or in sftn i n duced poh ymfrriratio o 
eventl . These modified surfaces display charge differences using either 
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carbcxyiic add or --^nf™ amplifying ffngwcm (which err in rhemsalves eithrr 

acQvatedor acnvztailc). 

General Enzyme Immnbflfrarton Kits 

A sdgmficaoii prudud acuanlntg In die present invention U a fuDy-acJivalcd 
5 Genera] Ertzyms frnrp^nH r*^ t> Kit. The kits are comprised of a cumber of affinity 

target arraya (whether amplified ci not), sod pre-madr buffers. The purpose of the 
kits u to have me end-user drinna unge c ta-hoose using proprietary enzymes, 
thereby c K nrin aong shipment of reagents tn tbc omnufaL"tum fur ininaabiljZBfiuai 

En stiQ yet aondicr ymbty^ ! rn fifiT g tbc tnigcts ox t#rg**-^ arrays may be doixvat izefl 
with rarbazymelbyl dcxtran fCMD) capable erf A cation exchange process, which 
ultimately leads to Iri^icr qualify MALDI-TOlF spectra during rhe anarysbs of proteins 
in the presence of sodiated. and potsssiazsd buffers. Using the CMD targets, 
15 unwanted c**khit are scavenged from sohrn'oa and r ep la ced with protuns or 
ammonium ions, dependent on which cation is used to pre-cbarge tbc targets. 
Cation exchange fCE> target* 

The value of CE surfaces has already been described; reduction of unwanted 
i-fft ifiHt in buffer solutions to reduced signal h e ug UHeuelty thereby increasing mass 

23 ' II fynititt^'y Ch r TTT^p r ''Hf lrTTT> **F ctjj-tj<) R^t»«-nrm »nm1i fati/ir« l nrrog thg 

These attribatcw are of benefit bo the MALD3-TOF analysis of both 

smfecea of 500 kDa CMD. The 500 kDo CMD is chosao because of a higher 
ZS exchange capacity dim lower molecular weight CMD. it is esammed that 

apmuxim ateh/ 10 pscocaole of CMD can be irnrnobQizrd ro the surface of a 4 mm 1 

txr&M- Considering that each strand uf CMD niD have — 1,000 valence sites far 

rryrhjtrigr: (—30% of rcumocxric dextran converted to CMDX an exchange czpacity of 

10 nsoomole is cafamatcd fin: tbc t a rg ets , equating to a 1 uL ahqnot of 10 mM alkaU 
30 satL Ho w e ver, the errri^m^r piou c ttics of the CMD targets will have to be evaluated 

to ddh "" i n ** the overall f i£Tw l tJ' ' mw * m sample t ~^^ rrn up. Tbey are effective in alkali 

metal removal using a short single stranded DNA mcJecul sr (eg, dCHa) mrxrd hi cbe 
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presence varying concerrarations (0.1 - 10 mM) of buffer nits. DMA is chosen for the 
test assay because of the Wah propensity to retain alkali met a ls as cmrmeriarts tD lbs 
negatively drrrge phosphate backbone. 

Using standard CMT> hugels it » likely to reach an exchange limit below Ore 
« b aff n co m 1 ptra&on ranges "H in a rmrnber af bkJogjcaJ applications. Stronger CC. 
functionalities (e.g.. sulfonate groups crcatsd by treatment of e tarinm 'wilb 
chlorosnlfanic acid) and methods mpqfrl'* of greater so rfe co amp l i fira ticn 
(ap phcao op of polymeric resins to ctema macroscopic (10 - 100 micrometer surface*) 
may be used in order to raise the exchange capacity of the targets to a level capable of 

10 reducing deleterious dZects experienced Airing the aiaryaU of biomolecules preseia 
in II ^Mly7TYtf>Aigti strength buffers. 
Asuon exchange fASl targets or target arrays 

Amen exchange targets or targsi arrays are a still further embodiment useful 
in atnpto rt^nnp by scavenging various anionic detergents firm totution. 

15 Specifically., the pr ese nce of sodium doderyisulJste (SOS) in proton solstinns has 
always bean of concern during MALDI-TOF analyse*. SDS is genera] ly disruptive of 
the crystal formation required for most of foe MALDI matrices to fa n cti c ro . and 
therefore needs to be removed farm solution as part of sample p tcp anfflan . Anot h er 
anion that possibly has a deleterious effect on the MALDI process is pbcqphxte km, 

20 Por>iysme-emptinsd surfaces hare inxrinscaOy weak anion exdbxnge 

properties They aro uaed in anion scavenging by analyzing test mixtures co mpri sed 
of — 5 (Efferent pco taana in the presence of wari o us cor.nrmtn tf rms of SDS. Poryh/sine 
surfaces m ay not provide the ntttvmsr eapacify or strength needed to scavenge SDS 
from so*uti"o at relevant concentrations (ID'S of r mllfm olar). Pjetbyianrinoefoyl 

2* (DEAE] yrr ^ i i gr groups may be used as a replacement for (he porytyciDe. "three 
derimjarjoa srlv"'*? r " ,g *i rtg DEAE are possible. The first possibility is to link 
dildhvtamiiuethylamioe to 500 IDa CMP using EPC.-medjatcd chennslry or CDT- 
ectivanun. A necessary limitation to this approach is need for complete uLuelion of 
the carbaxybc acid grocps vim DEAE, If all groups ere not converted to DEAE, the 

30 ag fai * will have 0 mp nedictaM a) ehszacteriftins of both the cation and .Tm'nn 
f T n» «wr w K«tV« A second method vnH be to activate potylysme surfaces rising 1,5- 
diffoorD-2,4-dmTtnjbexn«nB and Enk the DEAE to the surface through die 
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bcnzytinlide. This has been dona pjocessfinly gang tbo I f 5-diQcum-2 7 4- 
dmitrobeazmie method for selectively inmTOmlizmg peptide* via their N-ternmrna. A 
possible downfall of this method, however, is fie potential of severely cros*4iiilcmg 
po!yjY?me during the activation slop, cs»itnUy making the idfeco inert Co further 
5 derivatnation. A third chemistry is to lmk di riylsraj m*ctbyl ammo to surfaces 
amplified with CDl-activalcd dcxtran. Thia method b a variation of tho CD1- CMD 
ri^ p vgtfaeeo and a&ouid reduce bsterogeneons c a p oo/hmoo exchange properties, os 
well as have a sigrdncani exchange capacity. AQ of these p r epar ati on methods have 
been tried and essayed unJLug test peptide rrmrt uca to the presence of SDS. 



ombired profiling, for example, uses two 
enzymes, such as eodoproteases in combination with alkaline phos phatase, capable of 
napping and subsequent d f T Kw pT irg y ! gt * rg ' > of FwTwte tn lfs Such an appb cation is 
af value when cf updating the specific phosphorylation sites present in c.fL-. regulation 
proteins The Trnnmbflttefaon of the p h fl apfcatBSeS ' with venous endoprotcases ts 
accomplished with the ofdmatc coal of gencroting surfaces capable of pH-dependem 
operation. Activity can be ganged by assaying small pfcoGpfaapeouuea available from 



Yet another embodiment uses make venom phosphodiesterase (PD> Through 
target* snsoesrfafiy derivatixed with PO will add an extra 
a of specificity of PGR-bascd primer crtryrvirm methods used in the analysis 
of short UNA tegmenta i "« ^ j i' * ' || ' n g mutations pre aca l in DKA micro-sate Eites. The 
immobitimtian of PD to binreactrve targets may be accomplished, by gag g ing activity 
using small oligcmicJcondcs. Studies mvolvma both AP and PD refies on die genera) 



locub»fw 

A c uuim an ^H.^nn y- T T^ d"" n g proteolytic digestion "<Tr>g biarcactfre texgets in 
30 rjr tmkmwf inp with rita pfFrmry nacaOCoJumnj t* fea tmifamy erf fSa sample to dry ant 
(on the target or target stray) dm tug the course of djgeftjon A modified 
oren/rnenbator «> p^h| g of pci fanning digests over a range of temperatures (25 - 60 
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t) haa bfm constructed that mio cn ds tha onreo ctrva targsts in q constral bcxDidrty 
environment. Digests bare been performed for rrnrt greater titan on s-bour Using this 
incubator with little loss in sample vofrrae. The devices is small and portable 
((fmcasaas: 4**x6^xl"*; vxa. - 0.5 lbs.; 12fl V), operates at » single temperature (40t 
5 - sufficient for most applications of the bibjeacfive array), capable of maintaining a 
sample volume of 1-2 pL for times as long aa one-benr using "matched stl" targets, 

BiomelecnlaT Appfecajjotu 

EXAMPLE 18 

1 o £ere2-2~aUcroghdKdio anatysis from vrwe 

Porosis glass molecular ^ "p" . rr^nrtrfra. t n n^ f according to example 1 above, 
were activated and d ciivaiize d in batebea (30-50 per batch) prior to ism the 

prpcttor tips formrng an a trinity pipette. After acid conditioning (with 0.05 M HO for 
1-hour, air-dried), the parocs gjass molecular traps were treated with 1094anano- 

15 propyl tnethoocysilaBe (AldriA. Milwaukee, WT) in anhydrous tomene for 12 -co der 

in reaction buffer ( 100 mM sodium phosphate, pH 100 mMNzCl)for lSmmuie 
in a r eacti on vessel tmcicr slight vacuum. After equilibration, the bo (Tin was replaced 
with a mixture of 1 5 IcDa motecnla r man caj txreyiated de ratran (CMD, Fluka, 

20 MlharSufcCC, WI) and 1 -trfhrt-VQ rftmrihyl*tn jrtrgrrrrjryl) carbodumiiic (EDC. Siyna, 
St. Lomj, MO) (10 mgmiLeach in the reaction buffer) end the air was ogam 
evri ragged from the reactico vessel. The reaction was allowed to proceed far I how 
(with two sobsctj isci additions of EDC to the r eact ion mixture at — 20 and 40 
minulca. intn the rejection) before lerminatiii3 and riming. Prior lo coupling of the 

25 an t ib od y, the CMD-arnpEfied poroos glass rcoJccolar traps were rinsed vigorously 
with 100 mM sodium phosphate, pH 8.0. 0.5 M NaCL Too poroos glass oxikcalar 
traps wore then activated for 10-minutes with EDC' NAxydrtjxy sucdnim^n (NHS. 
Sigma, Sc Louis, MO) (100 mid each, in HjO) and mrcbated with the affinity 
purified rahbtr Enri-hmnan fyn lgG (DAKO, Cajpfoteria, CA) (0.1 nig/mL. in 20 mM 

30 sodrnni acrtate, pH 4.7). Uncoupled antibody was nsnoved by extensive tuning w iih 
RHS boffer (10 mM iTEPES pH 7.4, 0 L5 M NsCl, 0.005% Surfkctan} P2D). This 
mvi til i rnrrri ring process yielded .»fffwtiypip***T»< with a binding capacity estimated at 
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10-100 pmot while having a dead vahrnc of appr ojrirTrccl y 1.5 pJL. The tnti-fam 
etTmfr y pipettes were found to bo stable end aztivo for a period of aliens! three- 
incrtfc following antibody £on»btli2atjon(l^saxnsgsl4 ^CinHBS buffer). 
B ioiogt ca I fhzzdx 

5 All fluids were obtained immediately prior to use; protease iriMbifor cockrail 

(PIC, Protease heritor Cocktail Set 111, Calbiocfcem, La Joua, CA) was added 
im mrd ia tr jy to cader to mmmnze pmriMc proteolytic degradation of /fen. 
Tear*. Human texts wens collected by washing the eye with dcrahly-distilJed water 
(ddHaO) and coDectiogfoe rinse. A 20 pL aKqoot of the eye rinse was mixed with 
to 180 uT. HPS bufTer and used as stock ica/s solution. Tbix stock «u further diluted by 
a motor often with cither water, (for MALDI-TOF analysis) orHBS buffer (for Mass 
Spectnanetric hmzrano- Assay (MS1A) analysis} 

Plasma. 44.7 pL oftennan whole blood were collected under sterile coodilioxj from 
o lanoct-^ooctnied finger using b be p arin ized imeroeolimm (Dntmmond Scientific 
15 Co-. Hrooman. PAX mixed with 205 pL HBS buffer end cecmfuged for 30 seconds 
(at 7,000x8) to pellet the zed blood cells. A 50 pX ehquot of foe supernatant wa3 
nrixod with 200 uL HBS and the resulting tohxlos wa3 asod for M5IA; an aHooot was 
further diluted (10 fold) with ddHjO for MALDJ-TGF analysis. 

Saltra. Homan whole ntiva was <fcmted by a fectorof 100 m dd^Om HBS buffer in 

20 prepamtiun for MALDI-TOF or M31A, respectively. 

Urine. Human mine was prepared for MALDI-TOF by a 100-fold dilution vnfo 
ddHjQ-. a two- fold dilution wnh HBS buffer was used far MS1A. 
Mag Spe ctr om e trtc bmnanooaaay (MSIA) 

MSlAwaa perfo r m ed on the biological fluids by repeomdJy drawing u Said (— 

25 20 rimes) through an auri-^jca-effirrity pipette using a band-held P-200 mtcrupipeCttir. 
After the repctirjvo-ffow rnraibrtfioo, the affinity pyate was rinsed with 2 mL of HBS 
buffer (by dnrartnfl the HBS through in 200 pL aliquots and then diacariicgX mowed 
by a 1 mL rinse wkh ddHjO (using the same wash and discard approach). At the final 
discard of foe water rinse, rt was checked thai all residual water was capeiled from 

30 tha afliiuly pipette. Ths retained compounds were duted front the affinity pipette by 
drawing a 3 uL eliqoot of matrix sphttinn (eaniraled solution of a-cyvno-4* 
hytfcmcycin iurmie acid (AOCA; Aldrich, Milwaukee. WTJ in 1:2, ecetocitrilerddHjO, 
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0.2% "FT A) m 1 ^ the af&mry pipette (enough to cum iho microcolumn), upon clinch 
the mstiix/ehjcnl mix was deposited directly aaa a MAf DI-TOF target MALDE- 
TOFman s p e cnuin Biry was performed using a mass spectrometer. Briefly, the 
tnstnmxnir uses & two-stage 30* V (2x1 cm; 15 lWsUjwe) conttnuoa»-oaractioo 
5 source m ac cclciatc iocs to die entrance of a Mm flight tube captaining an ion 
gte do-wire. Ions ccaoratod using a pulsed N = laaei (337 nm) were delected using a 
hybrid single channel ptstB^fismet dynode mehiplier biased at - 3.8 kV. Spec tra 
were recorded using an averaging trainer* recorder white monrtoricg mdmdnfll laser 
shsts using a separate oscilloscope raid BBgpB isBg laser intensity (in real-time) during 
10 scquisiriua. AD spectra were acquired in the pori ti ve-iun mt d r . 
Q oan fi fii atfap 

InSemtA reference. Equnio >%m (Efyn) was c hosen as an interna] reference far 
quzonrlcatian because of its high degree of similarity to human Pita. (HA™) (-75% 
sequence homology),, resolvable mass difference fr om Hftm (MW ^ p 1 1.402.9; 

H MWpya, - 1 1 ,729 .7) end heexuae it was easily nbeamaWe. Home onw was collected 
frceh (at a local stable) and treated immediately with protease mhibiLor cocktail. Low 
solubility compounds were removed from the urine by cwunngbt rcfrigcnmoa (at 4 
*C) followed by centrimgaaoa far 5 mnmtee el 5,000 r. g. The urins was then 
concentrated over a 10-kDa MW cut-off finer, with repetitive HBS and water 

20 rimes end with several fitter exchanges (4 fOtsraftOO ml. urine). Treatment of*200 
ml. fresh urine resulted ut 10 mL uf fita-enriched bono oriue v*)ucii served ay stock 
fnfnrtW reference solution fta — ■ 100 analyses. 

Working curve Qnagtificattfm of H/^m was performed. Bnefly, standar ds were 
prepared by step-wise dilution (i.c, x 0.*. 0.6. 0.4. 0.2 and 0.1, in HBS) cf a 1.0 mg/L 

23 atock i-j&m sorption to a comxailiarioti of 0. 1 mg/L; the 0.1 mgt joenhon served as 
stock for an idenocal uf up-wise dfloo on oovering the sa o ood d e c ad e in ccttcentnttxan 
(0.0 1-0. 1 mg/L) A. blank eofatka containing no Hftm waa also prepared The 
sample* for MSIA were pr e p are d by mnaag 100 nL of each of the standards with 100 
|iL of stock hcrso urine and 200 pL of HBS buffer. MSIA was pc rfi m aod on each 

39 sample as described abova, resulting in the srmuhnneous extra eri ca of both TLfyn and 
Hftm. Ten 65-1 asex- shots MALDI-T OF spectra were taken from each sample", with 
each sp ectnan taken from a d tQeieni location on the targyt. Care waa taken daring 
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data a c qnfstt to a to rr wf T> t' > fn the ion signals in the tipper of the y-axis rnnga 

and to avoid dr iv ing mdrviifcsal laser shots into cammo'cm. Spectra wers normalired 
to the E^m signal ticoegh baseline integration, tmA the integral of H/fcrn was 
de termined Integra l! from the ten spectr a isken for each cali hnnian sib odaid were 
5 averaged mid the standard deviation ca te a aated . A cahhruUoa curvo wis constructed 
by plotting the average of tb r " """" KTrf d integrals tor adi standard versus iho H/^m 

Screening. Untie ^w^r 1 ^ were collected Bum individuals, treated with proxasc 
imitator cocktm) and cooled to 4 'C Tbc tmno samples were centrifuged fci 5 
10 nmmto (at 5000 a g) nrnnririmrly prior to analysis to remove any pr ecipitat ed 

malarial, fa preparation tor MSIA. 100 pL of Dacbrame sample waa mixed with 100 
pL of stock horse mine and 200 pL of HSS. This treatment is identical to that used in 
preparati on of the working carve, with the exception of replacing the standard with 
the bnman tain© sample. MSIA was performed as descried in ifce working curve 



obtainable biological fluids . Tho intent of the actccn was to genge the degree of i 
specific binding encountered firm each of the t hu ds aid to briefly investigate 



2a shows a MALDJ-TOF «p >"™ of dihitaad human tsar sntd a spectrum showing tear 
cornpoemds retained during WSXA High-level p rotons present in the tears Agminate 
the MALDI-TOF spectmm; h/sozymc <MW«^ - 14,696; MW tt ,= 14.691) and tear 
Hpoealin (MW^- 17,444; Mtf^ = 17,440). Other polypeptide signals are observed 

25 ba the 2-5 kDa nmgn. as well aa a low-irttensiiy signal at m/z = 1 1.727 Da. prexmnibry 
due to pjCL The MSIA cpectmtn shows signals due to the selectively retained /fan 
(MWot 3 11,72°; MWrf, = 1 1.731) and attetaamgj tignab for the tysoajme and orher 
tion-tpeciftsd compounds. Kg 2b shows MALDI-TOF and MSIA spectra of djlirfod 
human plasma. As is commonly observed dnring direct analysis of scrum or plvrsmn. 

30 the MALDI-TOF spectmm is dominated by signals originating from albumin. Other 
lower m/z signals are also p r esent ; howe ve r, fen *jg»ml« are not observed. The MSIA 
spectrum shows strong signals due to the selectively retained fen and few other 
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s i g nals 6tnn non-specified ocrc pounds. Fig. 2s shows spectra of di tared saliva 
DdALDJ-TOF) and uaJivaiy proteins retained during MSIA The MaLDI-TOF 
spectrum. Shows a rn-rrbej oj" signals m Che 1-18 kDa range, most prominently in ihe 
peptide regfrn; signal* coogpondnig to /^m are not observed The MSIA spectrum, 
3 nfrnn'm-al aCLcr trnug the nonnaJ rinse protocols, shows signal* due to the selectively 
retained fi2.n1 and an »K»«w< » ^ m of uao-specified r * j m^winr^ c ^bc tuw jnotecuLs 
mass range. A second MSIA analysis was psrfbmncd in which an additional rinse 
with 0.05% sodium dodccvtsnlfalc (SDS) was Ti died between the HBS end the 
ddHjO noses (Trig. 2eJ. The SDS rinse, alrfiongh not oompletaly ehrninetfnc the low 

ID mass sign ah, did ri gnifiran dy reduce their ooptnbarioa to the mass spectrum without 
a prop omonal reduccbo of die #m dgrot Fig. 2d shows spectra resulting flop the 
analysis ofTramzo urine. Tte MALEM-TOF spectrum shows s number of signals in 
the peprideregion end en absence of signal Sorfyn. The MSIA spectrum is 
domi o atn d by signals from die jf^m, with few additional signals from non-specified 

13 compounds. 

The pooooa glass molecular traps used in the affinity pipettes pcrforrncd 'well 
13 the SOfPCJ l iug of (he biological fluids, fntermarKafe HMD *rr.pVfi<-^Krrr ( of flw. 
"tttt™ t MPCf! " * 1 ***?* ^ porous alasa molecolar ^~"jv provided a largely lrydrophDic 
girfce e with multiple attachment points (earboxytic acid groups) for coamling of the 

20 antibody. As a result, the antibody load of fnrh affinity pipette is more than sufficient 
to capture low levels affyn without s anuau on of the antibody. Also, the hydropfntie 
surface can be washed free of must nun-epecaficaJTy bound cmitpounda by rinsing 
with aoucous ionic buferS- With the exception of the saliva sample, MSIA exhibited 
r easonab ly clean mi« spectra ahrmrfng prediTcnTnitmry- signals draivffd from fyn The 

25 SDS wash of the aairre screen, elthoogh improving spectnd quality, did not 

oompletety ehmxnats all of the coo-spocifipd compounds. Upon closer iuv e sti gaaon 
it is found that those compounds (idenfifiod by "t^etf as h/sozyine, a-dofeooas and 
Mstafins) have pis of - 10, suggesting retention via charge interacboos (with froe- 
carboxyl gronpa) thai are not broien by ttie moderate pH (7 g) snd salt ( 150 mM 

30 N3CI) crmtrjrt of the HBS buffer. Thus, other rinsing combinations (e.g,, ingb-saft or 
different detergents) wiQ need to be investigated if die salivary screen is deemed In be 
afbiologrcai significancci It is warm. nrgfrtg_ however, thai the presence of the non- 
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specified compounds (in eoy of tiro temples) did not uaerfero with the rmrtrntrt gaous 
detLJ u i nmtT oo of ,ftm. which was identified by virtue oi direcl detection slits 




composition that gr%^ riso to fhictuazioirs in anifvto ion signal. Although pro Seca with 
cagrasteisfica unlike those of the anah/to mar be nscd as hntsma} stxasbmis (as has 

TOF qoannficEtum of afSmr^tetxieved species by addition of an internal reference 

that behave similarly to the enah/te daring laser Arxnrpejmmr mhnttirm axe geoaralhr 
. This percreq mvtr is met ihirirtg MSIA by choosing inlcrnaJ references that 
o homology with the tar get protein! esz^^sfic/chonficalry-modified 
versions of the targeted protean, truncated/extended recombinant farms of ths uu^et 
proteins, the (same) target protean recooihirnTirfy' expressed in isotopicaDy-ennched 
media (e,g, r 15 N ox 1t O\ or the same protein torn a d iO eie ail biological species. 
Given thai the receptor is able to capture br4h tie txiget pmce»Ti and the tntensat 
r e ference., MSIA can be designed around asingte l ece p to i system. Aucrnanvdy. a 
two-receptor system can be considered where one receptor is used to retrieve the 
Lu protein and a s e p arata receptor is used to retrieve the interna] reference. 

The internal reference chosen herein was equine fi<n (E/^m), which shares — 
75%bnmology sKlhits rnrman counterpart and is - 300 Pa lower in ma3S rhan H&m 
(thus, both species tha rr similar c hara i ujaisdes Bud ce easily resolved in the m ass 
spectra). Even thoajdi no data could be frond on the relative dissociation constants 
between (he polyclonal aub-fya Igft and H/£m orEfl&n. prdbninanr stadia showed 
tti*< rfg> antibody exhihytpd ** rnr * n adrvrry mffcr-fit *n n*fwn both species fig. 3s 
shows spectra representing MSIA analyses ofUfya standards in a consentiatio B 
range of 0.01-1 .0 mg/L- Each spectrum, oarmahzed to the lifcm signal, is one of len 
65-Jascr shots spectra taken rnr each calibration point. Plotting the average of the 10 
normalized Ufljjpi integrals for each standard versus the H^m concentration rasnlls in 
the wa it in g cu r ve shown in Fig. 3b. Linear regression fitting of tho data yields 
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l^rJlp/Pv - 4.09 [Ufyn in rcg/LJ + 0.021 (R 1 - 0.933X wWi a working limit of 
detection fll e S/N > 3 ol U.UU25 mg/L (210 pM) and a limit of quantification of 0.01 
mg/I. (850 pM). Tte standard exrox of all points of tibo working curve is ~ 5 
Qttanriiativ* D ttmab t eu an of fan tn Urim Satiplts 
5 Ten cgmr*»«: wa e collected from four individuals: female (3 1 years, pregnant; 

I -sample (F31)X male (30 years; 4-aampIa over two days (M30)), male (36 years; 2- 
samples over two days (M36» and male (44 years; 3-samples orer two days (M44». 
A13 of the mdividaals were a a s t al e of good health when the «*mpL»* wen collected. 
Kcscttj 5om MSJA of the tea urine sMxapics arc shown in fig- 4. 'the bars depict the 

to fyn con«rntritjon determined fbr each sample, -«viril© the inset spectra, chore each bcr 
show the respectrre H^m sigmis ocnnalized to E^cx The data for fiie ten samples 
sho w fgr q«T*rh t^ onrr^M^y y n-Tfh cti mm^iii cosicaittration of 0. 1 00 i 0.021 
mspL(mgh = a.I27mg/Ulow = O.058ms/L). An additional analysis waj performed 
cm a urine sample obtained from an So-jear old female (FS6) who had rec e c d y 

is saffercd a renal refection. Because of me pgmficantry higher level of fkni found oa 
this sample (see inset speutnm) it was necessary to quantitatively dilute tho urine by a 
factor often tn order to keep me fim signal inside the dy namic range of the working 
curve and gecaratery establish the &m u-mt-amanou in FS6 (at 333 -0.02 mg/L.) 
Past Truttxlatinnai MacJificalioKj 

20 The mass-sctectivc detection of MSIA mikes possible rhc discovery and 

quadiStation of variants of fcca that may be present in urine. During qiiantftsrivc 
screening of the urine samples, a second, higher molecular mass species (Am - ^16 1 
Da) was co-exrrecied with the /5jm. The species is presumably a glycosylated (one 
bexose) form affifn, is ob a u ved most pranrmendy in F86. Fig. 5 shows an 

25 overlay of two MJilA spectra taken from the mine of hS6 (diluted x 20) and M36 (oo 
dilution; given for comparison). The level of glycosylated fya is orach greater in FS6 
thanm M36. The specific cause of the ctevarod level of the gryco~Am is al present 

Previous work has reported the quantification of gjycosyiated Bfim by direct 
» MALDI-TOF analysis of serum into which glycosylated Hfya was doped si 
reasonably high ** " * * " | J ■ ^ " t™ Due m poor specrral re solution and 
mterferencca from das serum, a curve-fitting routine was csed to deoocvohrta srgnali 
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from mu ltiple Hj9jm grycoforms. the inte g rals of which were dsn no rm al l re d to ■wild 
type fea for use in rocttnwJuig a wrrgfang curve of reasonable lmeii jty £R* ~ 0.88). 
Although tbc d at a pr esente d hero is significantly better and clearly able to support 
rigorous Tr a Trf? frT* t without aid of fitting ro d a n as . tits uncertain w hHhrr &p 
S wotktag curve constructed fig the muaodtfied can be used dtrectty toe the 
rigorous guano fication of the glycosylated figXL Scch correlation 1 oprirci that the 
fffijirty romJanM for. and (be aesorpoacAarizarien efficiency of, both fi-jn fwrts are 

henero clearly show i br o ad cross-reactivity (as desmnxnted by the co*430Bacnao of* 
10 H^m and E/5">m) to it is highly probable thai both H/J^in forms are extracted with 
similar efrtctaici ex. Snrntarty, the flddibna ofa saog|c carbohydrate mmety should 
not severely attenuate the relative dcsorpfean/incEZStiaD. efficiency. A* o result, the 
crmfiratrat ton of the glycosylated fign form mi g ht be cm i mated using the 
wording curve at 0.072 H13/L - roughly foe same concentration as wild type £jm in 

Regardless rf whether both v/iid type and glycosylated pica, can be ejeantified 
csirtg a single working cum, it is important to oats that the cccooctratioc of the wild 
type fani determined during MSLA does accur atafjf reflect the conceDtrntioo of only 
the wild type fan aad not the combination of both of the species- Urns, MS LA. holds 
2d a pum'mlirT afjryq nra^^ ove r otter w rl m" « y »« th*t 2re unable to <f ff r*r r * > * M~* ** between 
EinrilaT formB of a target nrmfytc. Id that elevated fan lewis are used as b gsneral 
indicator of immune system activity , while ^o-grycosylsticn has been associated 
with mi ire specific ajfapaofs (e-g. advanced tdyenayta re d cod-pro dncts assoc med with 

25 contributing fac t ors and yield results that more accurately connect a specific 

The mfljj u fact u hi ig process used m this report yielded affinity pipettes with an 
esfomited binding capacity of 10-100 pmn1_ while "h »xi* »> g a dead ▼olmaB of 
apfama mat ery 1_5 pL. This bindingy'ehrtion ratio was finrod to n d cqnmel y match the 
30 fan eonceTfTrntifTDS found in the biological fluids. Xtoreover, the efficient capture of 
fan using the affinity pipettes kept the sampling volume low (lesa rban lOOpXof 
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inhibit** (ittle non-specific binding for three of ths four biological fluids, and even in 

the fourth (saliva) did not introduce analytical interf e ren ces imo the analysis. 

the qimnitahVe canabQxties of MS1A are dexriydexnonsitsied in (he present 

mvenoon. The fi^nx concennatioo range invesd^xtcd herein (0.010 • 1 .0 m&/L) is 
5 a d eq uate to cover the fya levels in all rhrids. Good Knearityb observed over ibe two 

decade r*nyes (R 2 = 0.953) with an overall error of - 5%. fcnporbmt to accarate 

qaanrifi eatiqn is the choke of an appropriate reference standard, which in ridi 

example was tdfifTod by use of horse urine enriched in ^m. However, evno t h ough 

the bone urine is viewed as an ideal backgrcrand media (because it more closer/ 
10 mim te-< the tree analytical medio then buffbrsX it will need to bo replaced in frttrre 

analyses with purified E/£m in order to ensure coamteocy when fsrar yzng a large 

number of samples over long periods of Oxne. 

Although tbe sueancg study presented here was not extensive enough to be 

considered a cHntcai study, it does de monstra te the entity of MSIA in accurately 
15 identifying sod qmfT-rifyrng fan. directly £a biological pimplff, such as urico samp le s 

The fear baseline individuals cantribetTQg urine to the project were considered 

healthy, oat suffering 6 nm sny Icunwn genetic afluxJiottS baked to ffiBX ar having 

Qualitative evaluation of Che fan re t a jaa d from the gaaplea revealed s i u g h . s ag a aJa 
20 for Ani with molecular ouj cotTCspondtng to the wild-type sequence cd* the protean 
(yvrthtn 0.U254 cfl^pgnactflaJ error; spectra tntemaDy calibrated by using the Ejftpi 
signals; see Kg. 4\ Qttnqfitanve analysis within the group showed remarkably 

studies. By contrast, tbo u rine aamnlfl obtained from an older individual of poor 
25 health showed a marked increase in nrinnry Am level (— 30-chnes greater). I) should 

of/kn, which was raad^' deteetablo in the mass speotrs (see Hg, S). Themoet 
reatsaoaMe *-vril<mgTinm fhr &un observance! nf tw> ntass-ahiftcd fyet related) rignala in 
the mass ipectrnm is the p re se n c e o£ I) the wild-type protein, and 2) a variant 
30 coasting due to cither a g e neti c polymorphism car & posttranalstianal rnfufrf K - ^ori h* 
thta partic ular caac , the vurianl is most easily i dentifi ed by thetnasa shaft of +161 pa 
as a gh/cosytnted form effyuz varinrila duo to genstic polymorphisms aro essentially 
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ruled out because the rmss shift is greater than that ies n l t i n g from any singfo 
mid cod da polymorphisrn (Le^ fTGG] - tGGG}; resnhmg in Tip - CUy, dm = 129.15 
Da). Hotggver, bad variants possgsriag a rigniS ca m mia shift (>15 Da) as a n 



a been present in the sample, they wonU have been BS readily 



Lastly, la thalMSIA aaaryses are fairly rapid and rrlatrvdy easy to perfeim, 
thr approach lends itself particularly weD to the rapid development of analytical 
methods and the axtafyus ofTsrge cumbers of samples. The rapid rote of analysis 
opens the possHnhry of real-time method davelopmect in which crwnys in lacohanoo 
to and nrun protocols can bo readily implemented when the result* Gum a fast 

a rate of — 3/bonr. which allowed for several analyses to he pcrfbrmsd co a given 
mdrcidaal within a amgte day (as shown in Fig. 4, M30). Tins rate of irw lysis was 

samples — each anarvni herein (preparatiafwfcrough-aiialysis) was perf armed 
individually- Howew, it is fritiHn to increas e (his rate o£ analysis to Tmndr cds-pcr» 
day hy uss of psnUd pipcifaasj statics* and mas* n ic xJli twnrtrf i that acc ept n 
samples oo so ajxayed fastest la this manner, pipcttms stations a 
to fi ii i hi n ulai plates will bow he described to smruhanscnfiy prspcre. modify, in c u b ate, 
mpmr e and rmsc the rm- triple samples u si ng multiplexed affinity ptpenes. The 



The muss assay system. Fig. 7a, is a system for bi g b throughput nasceat 
23 mologiccl food oxalytc e^tmcrtcm by a ffinity micrrjcohmma within a cooduit system 

, and post- stations. The pte- 



icmpfc arrays and ianyts nar primary and analysis worfas gtio o usa. Sample 
us otificalioD , pe rform ed! ra mcemmg biological fluids, which aso rtams imhai 
3d samplo parameter i. such as bio-samplo type (blood, mine, cell ouitero media, etc). 
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analysis p rn m nt in g congruent cad feedback database!. Pre-stctjaQ high 

performance fluid mmiipulanbo, with sccocjparrying labeling and trackina. allows fi* 
fftfn^m 'm of identified bsologica} Quid S om sample source imo rxzi op ani ccnp ] ri7ed 
adhidual sampling array, labeled (e.g., bar-codc'lasef n»»der) fur Tracking, with 
5 f««llwT Inli ne nizmpaiatiaa, i orb as appropri ate cEnncsn or modification (pH, 
smfectm addition, etc.). Anodw fnoctioc of the pro-starioo is famr-dawm and 
leading of the atra>- components. Here, component arrays, indod m e, but sot hmitod 
to, solid components {plastic 5, gU«wt n^»hi and die like), fluid reagents, targets and 
toe it kr , are formed and/or distributed into appropriaic arrays and loaded into the 
10 primary ^nrfcrn rrtr ni r*"tn the pr t-<fat""\ t'he array of raolccadar traps are accessed by 
so r ^jrtlri^h f^prrvrmr/ wni i ^ii t station, the primary ami on. or relocated to a use station 

Example process es performed in die prestanco include, hot are not Smiled to, 
esaemMyof pona amol ecclaT traps irao affinity pi penes, array l ab eling , sample 

15 piepsxaoon, umpi* mrxtincandn. These p r ocesses axe carried out using soHd sample 
arrays) (plastic rrnerodtp plates, etc.), array labels, chcmicnl/modifying reagent (e.g. 
awoyj reagents, •ctrvarioo reagents, buffer*, * m reclaim , reducing re agen t s , etcX 
affinity reagents and hgands (biological imnaes. antibody(BX antigcn(sX etc.). rms© 
flmds (baBea. ultra pore waser, etc), desorption flu; da (MALDJ m a trix , acids, bases, 

20 surfactants, etc) and trmN -siJ target(a)i 

The pre station combines ligand and aaalyte in separate nncxocorunin 
activation, f? TTi r*^ retrie* al^epanrbba arid « »■■ t navbr/ tSatian function* 
Preferably, tnahrpfe samples aro loaded into fee pre station and spanaQy erxaoged in 
im ffrrfy erti rn iT "* n ^ in^ rn^ the r^y nf rrt ^| r ^i« T tTTtp^T^tt> one sample for cash 

25 n wJeenlar trap io mo taray of pnlecol ar traps. 

from the pre Etancc, the army of samples is antomarxeally relocated manse 
station. The use cation is where the f«"pV. end ap cri S c asdytes ccarjamad duaein 
we processed. In ooe embudi crxojt, rme end u f the array of mokxnd or traps i* 1 trtrood 
into the sample and die .umc sample is dram a into each molecular trap. Since each 

30 molecular trap has affinity receptors located on surfaces of the molecular trap, 
drawing the ample into the molecular trap contacts any specific anaryte strapht after 
with the afgnny recepmra. Jn the array, each zmdecrdar trap may have rtifrrrr-rrt 
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material may be drawn into ths molecular trap singly or multiple times. After 
suffiana iprcifit acalyte has been captured by the mfJwjibu traps in ihe array, 
3 f rrg&ta], ox nan captured, roctlia are wadied away wills al least ooe rnxsc. (However, 
other euibodnnmti may not roqinrc a rixxss step.) A9er non-tarsictcd compounds have 
boco washed sway, captured specific cmalytc are etutcd from the mnlecclpT traps by 
conttttma; them with • solna on selected to interrupt the affinity mteraccxem. The 
rhjtrd specifi c analytas are then other prepared directly for mass spectrometry or fen 

prepa ra t i on Bar mass spect romet ry- The pre Stations may comprise raultiplc pcsit t ons 
fen chemical modification, xnoJeculax trap fund 



and/or transfer. rxnaCy, the e ruted sp ecifi c enalytca ore relocated to s target assy by 



With reference to Fig. 7b. a preferred embodiment of the use Stan 

attached. The iimc s ocoIxiwid Diaminld atta c h es ro a robotic head that thrn physically 
t array of molecular traps between each processing stan'oa. This physical 
t of the microcolumn m a nifol d may be in a rectangular C*?} or ci r mhtr 

be stationa ry and the processing stations relocated unfay the array of mo l ecular traps. 
Lite the physical mowmml of the microcohinm array described abrrre. the physical 



20 Cceroosel) c 



in a preferred pmbcxfi meat, ths ta r get an ay is automatically relocated to a 
a that is cap a bl e of containing at least one target array. Rum the 




as spectrometry is performed with the specific anaryte or 
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iji fff ^i>< ^ between sampdsa, or from □ stttmicrcl, is used to cdd in tho analysis of ifirgc 
rrrtTT»>v»Ty of sample* and g enerate proprietary databases from which to establish novel 

ili fn nrifttin^ <y tfrmi i.C, SUttCttTe frn<T iofi syStOUS, cimical SytteaiS, thagnOStlC 

systems and baocbenrical systems. Biochemical systems generally refer to a chemical 
5 interaction that involves meaecnlcs of the type generally fbend within Irving 

crcmriTnvy, frahiding the hill range of cstabohc and anabolic reactions which oooir in 

fT»ing Ty-gf <TP1 BTWh n* "ir /y" w S i *-. I^Ty^g. fn orrfilrTig nr«H nlhgTTMKtimW. OtfaCE. 

biochemical systems, includes model systems that are numeric of a par ti cm ar 

10 inv enti o n or of interest m praedd og the present invenriuo in clu de , eg., reocptor- 
figand interactions, prolei n-prouria interactions, enzyme-substrate interactions, 
ceHulnr agnahng pathways, transport reactions, g aio typms SQ d ph c iTt» l> p i ng 

After analysis by mass spectrometry, the target array may be transferred to a 
post-6 tan on for ipwp*^ processing or additional analysis snbseqeent to the mass 
is spe caometri c analysis, 

Accordingly, in ooe aspect, the prasmT txrventioo, will be useful in screening 
for \igand% or com p onn ds thai effect an mterac&tn between a r e c ept or moieccle end 



IN-RO 

EXAMPLE 19 

Jn-robftt aniLn€ QcttvBtitmfsi&TtfattzBtiOTi off"jncrioi3aItstd porous tsoltcttior trxjpj 
AnotHer appju&ch involves Tohone infre nmboi} of the pic» iotrdy m n 1 1 '* n T\ 

are csed in b concerted mr^obotactrvation/dciivalizati on. Here. fimcn'onalizsd 
porous glass mohcolsr traps are dry loaded/Beared (either nammDy cr machine 
assisted) into warm p-200 wide bore pipeca affinity pipettes (Rabbins Corp.) and 
loaded intu a plastic 96 r ock Thai rack is hxtegmed e ct p stetson cno of a six-staged 
robot, loaded with microti to- plate* containing varinus oonplrag and rinsing sohnions. 
mas is linked to a personal computer and software controlled. Ghataraldcfayc oocplmg 
to amine microcohamns occurs via a first 96 well microliter plate containing 110 pX 
per well of 25% gfaittgnldeaydc setoion in 0.10 M sodium phesphnta buffer, pH 7.8, 
stationed at position two, PB3g ene-hendred aspiration repetitions. This ueLul 
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tes (1 1 0 fiL/weU) attained at station 
three (coatrining a se con d 96 weU microti ter ptelc, fifty aspiration repetitions), 
rctofring on a rapid io-robot mediated activaucn coupling (reaenno time 1 0-20 
mjmnw). After a final waer rinse at station £bcr (-fifty aspiration repetitions}, the 
S activated aldehyde groups ao flic gtutaraldenyc malm arte in cubate d tvflb the protein 
antibody of interest at staooo five (OJ-lmgAnL, 55 plJWU, 200 aspirrtiuns). 
Unetropled (excess) antibody is t e rn ov e d "by extensive rinsing at stuiao six with BBS 
buflir (10 mM HEPES pH 7 .4. 0. 15 M Nad. 0.005% Surfectmt P20. fifty sspiration 



EXAMPLE 2D 




'- Them die ectivatad aldehyde groups oo the glutei aldefayc 
microcolumns axe mccbaied with potytysmo (30-300 LDo) loaded at p os i t i o n two 
20 (HOuL, I tncAnLmin&)ofthe robot stage, ranhingmfbraiatioa of a polymeric 
sea Hol d from •wi nch to c ondnct another sound of ghttaraldcfaydc medtatod sctsvatxQn 

This initial coupling seep is followed by extensive r inses at station three, fifty 



25 couphttg (reaction time Hal fan buux). After a final water rinse at sJau'oo four (-fifty 

m c u bate d with the protein antibody of interest at sfrnnon five (0. 1 -JxngnoL% 
SSaU^tO. 200 tapinuiou repetitions) after whi =n the MASSAY reiexocohzmna 
become affinity pipettes. Uncoupled (excess) antibody is removed by extensive 
30 rinsing H station six »irb HBS buffer (10 mM HEPES pH 7 4, 0 15 M N»d. 0.005% 
tP20X 

EXAMPLE 21 
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MALDJ-TOy chadcaliy masked target preparation for aa'erocoitmut ebttian 
Arrayed t arget* jffrtrnT bydropmlic targets That fimction to localize znalytc 
samples delivered finm mietcohimas vasder clntmg, fjrnrlitvTne These elunna 

S MALDI-TOF mzirtx (cil, alpha eyeco-i-hydroxy cinnainic acid its 1 3. ratio of 

occL0cntrjJei)-2% TFA in wzlcxX ecids. dikte bases, esotropia agent s and the 

like. 

In cJjo prcynt > it^ii p)p l thn mjge t ti nf" 1 * consists of a c omra si *rray ■srhcre a 
l^yifu i jtMTKf* tJir j^r* functions tD concert wnh a hydrophobic bactgroimd im a ^rfF^^^n^l 
10 nuk prepared for a directed anafyas. depending cpoo the type of tw em ed ia coed to 
the assay of mtereaB- Regardless of the intent, the first reqnxTemeat is cleaning of the 

ffyn -frf-^ fn a ^T»r5 rf ^ffn* ,rt TP t ^ || K- l l * '^ t' rirT * Tmtmll y t\f^ hrrgrf <nrfp rr T* i*1^rH 

with detergent, waiar rinsed, methanol rinsed, and then tncubat&d with J.0-IS% 
trydragrn peroxi de soJntioo in crater at room temperature {or elevated cempezamres) 
IS fir thirty minutes to aao henr. After vriricfa the clamed surface m rinsed in water, 

m^unn^ Tiilm g^i ill in f nod t u t areas dsTVBtized With the alLv] j^t^^d pf 

(ca_» i^'jTifr" 1 "!) The surface it either coated, with a gam atad solution at octadecyl 
2D co crca p tap immediately ox rinsed with i a o pr opanol followed by nmfcannl and 

a ohaoroi nth / coa ted with a saturated sohmcffi of ocsdscyl me rca ptan A f hcrni caDy 
contrasted, or masked, snr&oc resoltx fnr enemGoiroin aitafyte local tntti on and 
sample analysis by msas spectrometry. These canon exchange rarfaoci ore desig ned 
fbr working in a general biological medi a end are- paiticnlnrfy useful whan assnyrag 
25 cm of cnino. Altamatrvery, oafkad targets are .generated with positively charged 

EXAMPLE 22 

btfegruted hrgh dnmigjamt system MAWf-TOF analysts of biologfcal samples 
Tuip^i^cd system [ff i rHf^ ftfli t\jj analysts of biologically relevant 

30 biomoJecules out of rT*" 1 biological Cuds is illustrated in (bis example 
dr Tnnnni a » nj| the capabilities of tr rr rngh-thjTrajchpui sy stem . Demoostnned in Kg. 8 
is the higfc-tbrocghpni ssan^joantitatrve analysis of bcia-2-njirrngJobalin {fyn) from 
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h um a n plasma samples p erform ed using the i ntegrat ed system nod metho ds oF the 
pr e s e nt m wemam AKq ao tt of dilated (5 fold) ft "m a T i plasm a samples collected fro m 
six cxLrviduals were prepared far pai a Ud screscmg oq a 96-well sample plate . Each 
well received a 15 pi. plasm aliquot (the samples from the sue individuals were 
$ raadamx2ed on the 96-weH piare), 7.5 pL of equine plasma (andJi Tt ad, comaming 
eqwne ^m, MW,^^ 1 1,396.6, M W^ ^ =11,729.2) and 128 |xJ- of KBS (0.01 
HEPES, pH 7.4, 0.1 S M Nad, 0.005% (vfv) polysarbate 20, 3 mM EDTA) buffer. 
Fight of the 96 samples were cbosao at random sad 0-5 j_lL of 10" 1 mg'mL sohmou of 
fixa was added to foor of them and 1 pi of the same EJjm solution to me other four 

10 welli. Parallel crrnplr pi ucessrag c nt a flrd samtdtancom mcub a t tnc/capuirc of fee 96 
t sm phj oo 96 jujti— ^jfn denvstrccd Bncracolunms. I he polyclonal Bnb^f^fn 
tmoncolunnu were made via carboxvtnethyl dextran (OKfDJ-EDC mediated ctrnpbng 
of the antibody to ffirTrao-coaTRd/modiftcd nuuocoiiiinits. Captured pcoteuu were 
emted from the microcolnrrmj with a sraaO vohrnxs of MALD1 matrix (saturated 

15 csucubs solution of a^/ano-4^tLroxyomnarrc o acid (ACCA>, in 33% (vA») 
ficetamtrile, 0.2 % (v/v) triflncroacetic add) and camped onto a MALDI target array 
surface co mpr ised of Eelfsanemblsd monolayers (SAM) chemically masked to make 
bvibuphiljc/by tfajpbobic cmbut target arrays. Eaiis sample spot on the large! array 
wm analysed using mass ^ectrmneCry airJ I he relative /^ni abundanc e rferennined by 

30 an automated MALDI-TOF mass tpoctromctric analysis s o ft wa re ronTrnc The mass 
spectra rcsateng foot tho tdgfc-throagfcpnt analysts of the 96 aamplca bio shown in 
J-ig. 8. Spectra taken farm the samples mat hod the fam 



Kg, 9 bar graph visualisation peefnnns it i Egpretatioa of die faj^MfaMBjbpoi 
system generated semj^qaantitssve data shown in Fig, S. Each F r y *n m } sisown in 
Fig. 8 was n o nnaligad to the **\}inv" ftim «jjT"»t fhrmwh baschn e micgrKlion, '"•"^ ( far 

spectra obtained from samples faira the same individual were averaged and the 
standard deviation calculated, la the same way, the i nt > gra ls for the ^n rr*** spiked 
with OS and 1.0 pL solution of 10T 3 mg/mL /^rn were calculated and avoragsd. 

far Sic sa mpl es from the six individuals and the spiked samples. The bar graph 
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clearly '•^t ^Hr-fr'-' rocrcased &m levels in the spiked samples, ilhsstratmg tberahie of 
the bigb-foroughp^t scmi-quflatitntiY© anolysia performed with the system and 
methods described in this mvettion in establishing mcrecsed fya levels in hnmn n 
blood that am associated with variocs dis ea se states. 
5 Another deaxmsrrslksi of die int e g r ate d system and methods described within 

the present invention comes from Fig. 10 bigh-dnccgbjiul qasmitsrive analysis of 
fern from hamzD blood. The plasma .^.^1^ frum six uadividnals were prepared as 
described ia Fig. 8. Eighty-eight welis of the 96-w=fl sample plate received 15 \xL 
plasma ^Hq"T^y (Ebe samples Gum the six individuals were randomized an the 96-wdl 

to plate). 7 5 pi. of equine plasma (undiluted) and 128 pi- of HBS buffer. A acnes of 
dilutions ©ra 7.6x10"* ntgfaT- standard sohrtion of purified hranm /fyn were prepared 
(spanning a conoenteHtifm range of 7. 6x10* to 1 1-txlfT 4 mgAnL.) and ascd as samples 
05 pL of each) m the last column (8 weals) oa the 96-wcll plate. Parallel sampling 
processing and MAlXH-TOF MS analysis was performed as described for Fig. 8. 

IS (he polyclonal ann>Am inicroeohnnns. The mass sp e ctra resulting from the 

high-foroughpot analysis of the 88 samples and the S standards are shown in this 
fig""' Spec cm tricm from the rtnntt^rd samples are shaded. 

Fig. 1 lb is the calibration curve coastrocted from ibe Fig. 1 la dsn for the 
standard samples shown in Fig, 10. The calibration cur*e is presented fro the pnrpoRe 

20 of determining the fl&a ocmcentrariom in die hem an plasma samples screened via the 
higb-throughput analysis *^*nig the integrated system and methods d es i i ib ed in the 
p resaa l inv ention. Kepraaeatenvo spectra of the date for each standard used to 
generata the working curve are presen t ed o v edam in Fig. I la. Each spectrum was 
narxoahzed to the equine feoi signal through baseline integration, and no r mal i zed 

25 integrals for foe human /3jm si gn als dfl ff i mit ' ir^ Iuisg r a ls from five spectra taken for 
each calibr ation standard were averaged and the standard deviation calculated. A 
calibration (standard) ccrce was constructed by plotting foe average of foe normalized 
integrals for each standard vs. the human fijtn cxjseectiation m the standard sample 
(adjusted for foe human plasma dih ^i r m factor). The working curve generated is 

30 foown in Fig. I lb. The conccotratioo range was * p* nn rA with good bncarity (R 2 ~ 
QJ99V) with overall standard deviation of the line of < 2%. 
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trig. 12 ia the bsi araJyns of Ike data sbown in Fig. 10 using the standard curve 
constructed in fig. lib ia iUnsiratod Each spectrum for the 8* samples from Fig. 10 
was P OMDafa s d to the pyana ftm signal through baselina intsgxstioa, and the 
po n m l ged j ntB g wl fhr Am b m uci fyr* TiE TTj O determined. The Tr | Trrt!*'n integrals 
5 for the suae individual acre erraged sod tbs standard deviation calculated. The 
velne* of the averaged ndepab were s o piutu tad in tfae eqnsnou derived from ths 

imfawdod. The range of coccenti 1 1 bp Jc ta mifl cd wis fins 0.75 to 1 ,25 ingrL. 
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EXAMPLE 23 

Inrtgrared combined sysmn approach inccrpomitng high ikroaghpvt ofJirJiy 
retrieval vliA btarexxrztv* array MALDI-TQF anafysisfor patm jmaatiam 
Fig. 13 is the qsaf itzthre mgb-throoghpuL s cr ee ni ng of trsnslbyrcda (TTR) fix 
5 postrrzmJ agonal modificstxezi fPTM) and point mcAxaosa (FM) was pc-rfonn cd using 
the integrated system and methods described heron. Atiquots of diluted (5-fold) 
human pi - 1 *-" * " samples collected Com six individuals wot prepared far parallel 
screening on a 96-well plate. Each well received a 15 uL plasma aliquot (the samples 
frees (he six individuals were randomized on the 96-vreO plate), and 135 uL of HBS 

96 samples on 96 ami-TTR dcrivariied aucxocofmnns. The polyclonal ami -TTR 
na cm crinnmi were made via ^atanddetryde-mcdiarad coupling of die antibodies to 

»mi nrw /Nwfinri/rryw^rfiryj | iwJuynWnm CaptJCXcd pTOtCTOS V\C1 C dated &OQ2 the 

mkrocohnrm amy with a rznr.Tl volume of MALDI matrix , (saturated A OCA schiticm) 
15 and « T "n i pH onto a MALDI target array s u r fa ce comprised of sriF-oscembled 
mnaoteyers (SAM) chemically masked to make bydrophi 1 j c/hydrophobic contrast 
targes*. Each sample spot cm me targe: artsy was analyzed using mass cpectiameny 
and me relative TTR abundance determined by mi autnrn-rtrH MALDI -TOP mass 

30 thnrnghjrnt analysis of the 96 sxmpka arc shewn in Fig. 13. hi all of the spectra, the 
TTR signal is accompanied by another signal ax higher mass, i n dic at i ng 
pmtiyTtflfgrirtT^glly processed TTR form, in addition, all spec tr a rrsnltmg from the 
analysis of one pla^Tna sample showed two additional T»g"»i« at masses — 30 Da higher 
than the two "original 11 TTR signal. S«ee Figs. 1 S and 16 for idsnlf6artino nf Ihesa 

23 pcafcj. 

Pig. 14 is the jdcnttfcatioa of the posttranslacionn] modiEcariom end point 
anrtaacms observed in tbe higb-ttrDu^put TTR. analysis was pe rf ormed using the 
inte gr ate d system and method* described her em. Shown are representative spectra 
resulting from analysis of samples firm two individuals, showing the existence of two 
30 and finer TTR mgnaly respectively. In the upper spectrum, two signaic attributable to 
TTR are observed The signals cotrespocd vrcll to the meomzcaUy calculattd mass 
of TTR (MW T j Jt "»l3.762) and that of an oxidized TTR variant (TTR^) resulting from 
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cysoricylatian alCyslO (mirothicu^g a diiQ cf +1L9 Da> m the lower spectrum, 
in addition id the abovc-mscaanrd two TTR rigmlt, wo additional peaks ax masses 
- 30 Da highrr then die two "original'* TTR. signal are observed. Ses Figi. IS end 16 
for i JtaUiGcut i cgi of t ho se two peaks. 
5 Contmoed analysis of the TTR point emtztian, displayed in Fig 15, ta 

deovaDTrd mass spectxonxetEr target array in the system platform and the methods 

fig- W. TTR. from damed (30-fbld, in HBS> human plasma was csptmed via 
10 polyclonal jtnti-TTR nacjrcotnmas, as described Car Fig. 13 hmrad of matrix 
cfarioo, the captured protests were efatcd with a sraaD volume of 10 mM HC3 onto 
trypsm-conjngaled targets containing buffered target spots (50 mM iRJS bnffca pH 
9.5} for tampto pH modulation (buffer Frchfrog c). Shown in this Bggr c are mass 
spectra resulting from a twcnry-miziute trypsin digest done at 40 C C of the pxonsn 

localize the rautatnm in (be trypric fragment-] 2 <Tu). containing residues 104-1 27. A 
database search points to two possible TTR mutations m this ragicn of me sequence: 
AIaI09->Tbr (DKA base change GCC-»ACQ. Am - 30.011 Da. and ThrllS^Mct 
CDNA base change ACG->ATGl Am — 29592 Da. The identification of the canc c t 
20 mutat i on is shown in Kg. 16. 

F5g. 16 is (he h-^v-reechiricm reflection mass spectrometry used in 

samples shown in Fig 15 Ehnmng an integral past of die integrated system and 

25 digest frijgmentT u (lM-l27)in cnnnal (native) TTR sfcovrs a m/z - 26+4.922, 
denoti ng Am ~ 29.9SS Da dxficrcncc with the moncnxitppic signal for the i milA ii t 
TTR. Accordingly, the point mutations is assigned to Thrll 9->Met, Am — 29.992 
Da. This TTR point mmaricn results in a so-catted "CfcfuagD prraTbrrrnirr variant, a 

30 iDustrate tfcw use of the system Bed the methods described herein in i deBnffi i Og 

tea cepi ng analyses ofbiologtcs] samples. 
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EXAMPLE 2A 

Integrated combined system approach incorporating high thrcxxghpm affinity 
retrieval teith btorracrtT* array MAJ-Dl-TOF for artaiyzis of pasnranxlaiiarMi 
modification (PTliQ 

5 Fig. I7» is representative of die qualitative higb-throngbpat screening far 

prM u f i m wlii rin n u t modifications p i <^ v n ^ in biologiccl fluid performed csxc£ the 
integrated system axtd methods described herein- Concerted biological Qmd 
phos ph ate analysis p»rfrimw^ ^«?ng <j»)BV» nfHtn^y ptp^tt^a -m <*^>pjr T n^f"Ti 
alkzrrne phosphatase (AP) fimcnonalized orgK array. Here, cbelaror affintiy pieces 

10 w ei c prc jiB Bd MS previotisjy disclosed in w uoq i '"^a n f* C villi am ple 14. Muzn^n whole 
saliva centrifuged sad dDntod 10 Cold was either analyzed in sample or after 
incubation with metal chela to r affinity pipettes. Captured analyts from metti chelate 
affinity was ^Itytr-y^ agi n g <*?l»T4f; scad addition to disrupt the 

ehriMterAncttifepalytt interaction and stamped onto a hydro uhil ic/bydi o phobtc 

is contrast ta tgtt nosy or ntindrrw phosph atas e fiT v r T * fiTvQ ^ i '' rt ^ ttr gi * in ay Tfac lnrtrr 
»pr- rxrjw ?y ^ t boScr exchange fiw sofase q uenl phosphate digests. Direcr mwrvai s of 
dihrte human nalhm significantly lades proline rich protein- 1 (J*RP-I), me serine 
modifjed pbospbste rich protein of mtereA. The Fig. 1 7b(2) spsctrum denoscs mctaJ 

20 PRP-3. The A»g*ogpKr«yl atin^ rr*»«« signsture ia evident in spectral trace Fig. 17b<3) 
ami complete in Fig. I7b(4). Iff TT ttr T r * , "g cmlti-daJjte dete ct ion a r'T r np yr?"*? by 
partial and complete depfaosphegybtion of pLospho-proJean.* eapfan edAHgesled oat of 
biological fluid f rrr post-frrmslstinaal analysis, aicb as phosphorylation events, 
EXAMPLE 25 

25 Integrated systetn approach for affinity main" -protein interactions integral at nasccro 
protein complex retrieval yrUh htALDUOF analysis 

rtsrieva of (he native nuiHi-protdn complex pnaurd in biological media or biological 
samples. Demonstrated in Fig. 18 is flic mtJn-protciii complex between tcfmol 

performed u sing the- integrated system and methods of the present invention. 
PofycIonaJ ano-fiBP affinity pipettes were fanned trafna ghrtaraldehyde mediated 
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previously described in above exampl es. MS LA debnesrea »> Wvo affinity retrieval of 
RBP and completed TTR. The nudb-protein complex belTreen mfuol binding 
protean (RBP ) and crcuxihyrclin (TTR) flfctstrBtes pioteiri iirteractions exitinuin naave 



EXAMPLE 26 

integrated sy&tan approach incorporating high throughput nndti-cnnlyte 

rnrTrrcd and MALDJ- TOF analysis 
MoltwecepJor n fTl tity nucrocohmiQ ingb-tfcrougbpd appro aches are 
degxihed in tMi example to illustrate tmdlwualjrte analysts Erum htxzasn plasma 
d for rapid qualification and s 

. Hs- 19 si 

monitoring of mtia-ciiafytes for relative abundance. Amine activated, polycJari-d 
amj-h2m/CysC/TTR a ffin i ty pipece f wee used to rapidly capture their respective 

II ?T "typp- 7 rrnX i>f ^ piynftp p locTrtn « prt-v jriri et tr ft^cr-riTwt TblS then illiterates OOe Of tfae 

uses for m n It) -antibody affinity pipettes cd fytx, CysC and TTR to rapidly manner fin 
l Rirther iTJnsu atmj* one of* tnc uses of affinity pipettes 



20 A m >CyiC irrtU in accic phase of viral infection {ca. ADS) or fibril forrnetion from 
^mor TTR. 

Shown in Fig. 20 is the rapid m pofrr tag of extended luulri-nnalyte affinity 

as weD as individual polyclonal antibody affinity pipettes mcoi penanns /^m. TTR, 
25 RBP, Cynana C or CRP were used to captcre respective analytes from friTTTmi plasma 
(attained as previously staled in earlier examples). Dlnstrabng another use for 
amhysina^o-anunody affinity pipettes to ^o, CysC, TTR or CRP to rapidly monitor 

event from tnen in hii>"V , '* w ^ rdnfaro abimfauoc And finfljor tllustxsJss another of tic 
30 Q3C3 of affinity pip e tte s for morptoTrng pgtcnrial fern /CysC leveb in acurc phaso of 
vied infection (ca. AIDS) or fibril ftumarinn from fi^ca, or TTR. 
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Given tfcc aijifily to xncranse sample tLioUs? jMit. the tnie^j ubon of o high 
tfcronsbptc lyncm for mass Epectrometric analysis of bicmolecules Fnde mcyeascd 
use in Large- scale <-K>A-at diagnostic, and therapeutic effi ca cy, applications where 
exceptional qualitative and □nantitativ'e accuracy arc bods nrcdrrl in hiQlcjpcally 
3 important hiocnciaccJc analysis out of biological fhtids 

As used herein, "affinity reagent" refers to a chemical species on the surface- 

10 rcccplor* may be cqvalsutly IrnVrd 

As trawl berata. u a£Emty receptors" refers to atomic or rnoilw.nl wf tp*r tr & 
having so affinity* towards anarytes p resent in biological m"di*i or boologzcet samples. 
Affinity receptors amy be organic, inorganic or biological by nature, and can exhibit 
broad (t arge t in g mxaaeroos anafytes) to narro w (target a single anaJyte) rpecinetty. 

IS F \ a n i | >]F< r\f n ff |]i i r y \* f> ^ griff: try rtrr} ^ rqTf TV?*, frTTt*^ tn , =mrp Kw»«f j » ^ frfprt^nufy 

fr a g i n ^tt*^ synthetic paraTopcs, peptides, polypeptides, enzyme^ pruteim, nxidfi- 
dibaurt protean n rxepto r*. mimics, organic molecu les , polymers, in organic xnolocidcv 
chelators, nucleic acids* apteoerB. es well as the below stated receptors. 

As nsed herein, "ncalytB** refers to molecules of interest precem in a biological 
20 sample. Analytea may be, bat are not limited tn, nucleic ac i ds (UNA, RN AX 

peptides, hormonal peptides, bnrrp^u^ i, polypeptides, proteins; proton complexes, 
carbohydrates or small ino rgan ic or organic molecnles having biological function. 

receptors or may have these recognition moieties introduced into tbczn fia processing 
25 such as cellular, " ' f m ^nTi liiT. enzymatic, chemical, and the like. 

As used herera. "biological media" or "hi ologjeal sample"" refers to a fluid or 
fxtntn having a biological origin Biological media may be, but are not limited to, 
cell extracts, endear extract*, celt h/satea and excretions, blood, sera, plasma, urroe, 
tp emm. Kmovial fhad, cerebral -spinal fluid, tears, fec e s, saliva, membrane extracts. 
30 and the like. 

As nsed hereon "chemically activate" refers to the process of exposing the 
affinity reagent to chemicals (or light) tn order to subsequently attach (err 
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ptona cth ^te) tethering hakcta and affinity rec e p tor s, Conrpoonds able to activate 
afiSmryrcagrna nizybe, but arc not Hmutd k> organic, inorganic, or bialo^cd 



jncfa^B g *h<s osc »* tethering lrn^T-r mcd fae-rcin, "tethering tinker** rcfixa to 
2 compound* ntfexrnedixtE to the aXGmty reagent and the affinity receptor tia* exhibit 

nfFmfy naCCptaf rrtv ^ Anwinglttw trfnd-i-ng rrf «m-tp mliiiri mmpnnnik Tbe 

tetfering taker may be intrinsically active or require activation for anechmsd. 

S arable tethering cotcpocDds tnch ida hat are not HmiteJ to haxoo/hcterD functional 



As used hoem, "dead tolume" refers to die- void volume within the molecular 



As used herein, "high flow propertied* trfbo to a mtnimnm flew rare of I 
nncrohter per mmntai Higher flow rates, are considered to fall withm tbe definition of 
high flow properties. 

As nsnd herein, c mass t^uxliuinclr.i^ or refers to a device able to 



tH^ nn al^ electrical aonnaaed/cprayed and *t>~ tike or r^rntrrri^twtra thereof Smtafcde 
forms of mass spectrometry iniinJc, bat are doc hrnift-rl to, Matrix Assisted Laser 
Deaorptkm/Time rF Right Mass Spectrometry (MA1U1-TOF MS), electr mpray (or 

trgosform ion cyclotron rsaotmccc (FT-ICR\ magnetic sector, ox the like or 



Ait toed herein, "mass spcctrameier target*' or "mass spe ct r o m et er target 
array" refers to an apparatus onto or into winch one or mora analytes are deposited fix 
snb scqtrcn t mass spec^rometric analysis. < 



o of the mass spectrometer fox winch they are designed. Suitable tncngc fla for 
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As toed herein "tkclecnlcr trap" refer* to a high surface area mat an a! having 
high flow propertiw and a low dead-vahnnt, with affinity reaacnts bound to surfaces 
cornffrrd (tatin. The CQtnpoahoa of thft high farface area material may be, but is 
noC bun Cod to. crystal, ghensec. plastics, poryma », meSuls or any cumbinanuu of these 
5 materials. For example, these glasses may be sihea passes, boroslicates. sodiom 
bocnaih e a tea t and other useful mate rial s . 

As used herein, (ho term "rcc o p tcj * 1 geiiarnDy refers to one member of a pair 
ofcompCFonds thai specifically rarogrrgg and tend to cash other. Th« other member 
of the pair is termed a "ligamf" and includes sncb things as complexes, prmzro- 

10 pruLdn inienK^iuas, rrmlliaiiaJyte analyses, and the like. Rsccptoc/lig.aJxJ pairing azay 
include protein receptor (mcrabrenramX end it* amnll bgwnrl (a s so ci&lo d, or o t h e r 
proteins or smaU makcsJesX Receptor/Hgand pairs may also inchide 
anlibodyAnitigeo buMfiag pairs, complementary nucleic acid, nucleic acid associating 
proteins and their nucleic acid Uganda such as aptBmers and tbrir prote i ns, tti^t»i 

15 chelatocs and peta l htTMfring i >tWn b'gandx, mimic dyes and their protein iizands, 
organic molecules = rf ^^ ri pvi r i n i mr4irm_ mch as hydrophobic patches, on or 'with 

bio molecule, and the hkc. 

As used hereon, "rt>boocs~ refers to devices and procedures capa bl e of toe 

giveo amount of tune. 

Drawings and Pes* ripnoo of Preferred Fanbodimri t s wnOe these descnptians 
25 tfeactry dascrfbo tha abovo Embodiment, il is raderstood that tbosa skilled in the art 
may conceive modificad cms and/ or variations to the specific c mh r u< ? m wrfg sriown and 
described herein Any such m o d i fi c a tio ns or variations that fall wdfla'a da pu r vi e w uf 
this description an; tnteftded In be included therein a* wcIL Unless specifically noted, 
it is the intention of the inventors that the trards and phrases in the sp or i Sc aa on and 

the appHcahJo art(&)_ Tha foregoing d wscriprfr gt of a prefened embod i m e n t and best 
mode of" the an t n ™ n m thr- gppfie a ni filths time i^ fifing the apphcarianh3S 
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bcca presented end is intended for thr pmposss of Clxistratiao and deacnptixxL lib 

and i PBny rr vH ff fint*i ,v TT g and Yax x a ri nra c© possblc is the tig^** of the above 
teachingi. Tits embodiment was and described in order to best ^rT^r* Ox 

5 principles of tbs invention ax>d its practical application and ta arable others stilled in 

modi ScmI ions bs btb srritcd to tho jui Ucnlsr use c^'dUti i minted. 
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What is claimed is 

1 - A h^b throughput integrated system far qualitative and quantitative 
biomolaauea analysis com prising; 

t) b robotic platform fitted vrilh nruhipte. spatia IJy orsryed affinity 



b) a tnassepectiommT target having a spatid axTByconespandtngcoths 
same spatial array as the affinity microcolumns, and, 

c) h tmu spectrometer capable ufzcuqitiiiS the spatially arrayed Larget- 

10 2. The syscm of Claim 1 wfajreinthe spatial amy CTmrpri'ics between 4 and 
1536 e 



3. The system of Claim 1 Therein the robotic pLrttbrro further conxprises 



The system of Claim 1 Wherein if die affinity nrioocclnmnj receive specific 
biological molecules in a biological media, the specific fcoulogiual molecules, 
axe retrieved via affinity interaction. 

5. The system of Qahn 1 wherein ftt mast spectrometer uxget bas enzymatic 



6. The system of Claim 1 wherein the mass spectrometer is a nmrrrx-assistial 
loser r t ^ ifi Tp^m^n iTWTifirm time-of- flight mass spectrometer . 

7. The system of Cla im 3 wherein at l ea st oce of the rrmllipla procesring stages 
is for the selective isolation of specific biological molecules present m a 

S. The system of Claim 3 wherein at least oca of the crumple processing stages 
is fig rrTTTmg the affix lily nnsocohmms free of non-specifiedJy i gCpBad 
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9. Tbo system of CIbzbd 3 wherein & least ano of tfcs multiple processing stages 
is fer tfce tfcpoatiim of selectively retained biological oolecoles oclo a mass 



10. Tbc system of Claim 1 wherein if multiple diCiu c u I samples, of bioiaacaj 
mgcaa are- pres«aad. then they are processed substantially siinulinc&cnisfrv aad 
in parallel using the robotic pUtfann fotod whh multiple, spatially orrcyod 

eofft^porxSag to the same spaJta) urr»> as Uw affinity inicrocuiianns. 



65 



(126) 



JP 2005-503537 A 2005.2.3 



WO 02082051 



PCTV13S02#154J 



Biological Fluid 



*, A ,f \ 

^ \* n • ^ *) 

- 6l£? V ^ AnaJyte 




V 



Analyte Variant 



Affinity 
Microcolumn 



Repetitive Flow 
pi incubation 




1/21 



V 




ini 



(128) 



JP 2005-503537 A 2005. 2. 3 




(129) 



JP 2005-503537 A 2005. 2. 3 



WO0rW205l PCT7US02/D154J 



lit. 



a> 
2 



< 

CO 

E 



o m 

CO 



Si 

I 

o 
+1 




1 



(1UJ/6uj) [uj r ^J 



(130) JP 2005-503537 A 2005.2.3 

WO 02K»20f 1 PCT.TJS02.D154J 



s 




s/21 



(131) 



JP 2005-503537 A 2005. 2. 3 



WO PCT.U50W>15« 




6/21 



(132) 



JP 2005-503537 A 2005. 2. 3 



PCITUS0LD1541 



IS 



lif 

us < 



s 

2 
s: 



n 



A 8 



\ 



ijii 



/ 



5 



s 



7/21 



(133) 



JP 2005-503537 A 2005. 2. 3 



WO Q2A8205 1 PCT/UM M3 ] 54 1 




t=t±^=±didr 

;d:d:d! 





If 



(134) JP 2005-503537 A 2005.2. 



WO 0r0*2O5l PCTHBOrOlMl 



s I 

55 3 
■ □ 



CO 

oa 



T3 



E 



o 

CD 



3 





■ 




1 


fl. 


i 






r- 




1 

i 








• il 


i 










\ \ 


\— 

CM 


to 




ta o 



X. 

X 



9/21 



(135) JP 2005-503537 A 2005.2.3 







m 






B ^ 


< 






ra ^ 








"-=! 


ICR J 
















.-! 




B ^ 




— 




B _|Lsl _ 









(136) 



JP 2005-503537 A 2005. 2. 3 



WO 02A&2Q51 PCIVBSOMHS*! 



g 3 




11/21 



(137) 



JP 2005-503537 A 2005.2.3 



woow»205i pc*rru5oroi5*i 




(1/6UJ) BUISB|d Ul [lu 2 ^] 



12m 



(138) JP 2005-503537 A 2005.2.3 



WO&2/D32051 PCT7US0I.D154J 



4 4^^AJi4 
^AA^JA4 









44 








44 



jam 



(139) 



JP 2005-503537 A 2005. 2. 3 



WO 0WJMQ51 



PCTVU502/D1541 









iff i 
III 


Point mutation 
dm «= - 30 Da 

J 





-* 
- 





a: 
I 



14/21 



(140) 



JP 2005-503537 A 2005. 2. 3 



WO OrDS 205 1 PCTVUSOZfl) 154 1 




15/21 



(141) 



JP 2005-503537 A 2005. 2. 3 



WO 02rt»2051 PCTVUSOrO 154 1 




2 g g g ggg?SS?g 
■«- *- o o oooooooo 



16m 



(142) 



JP 2005-503537 A 2005.2. 



PCI7US0r0154I 



Q 



Q 
o 

CO 

II 



CL 
CL 



Q_ 
CL 




S5 
s 

St 



I s 

O -D 

< 



CI 
< 



5 
E 



s 



"1 

^ 



E 



8 



17/21 



(143) 



JP 2005-503537 A 2005. 2. 3 



PCTCBOZaU*] 




iaV2t 



(144) JP 2005-503537 A 2005.2.3 



pcrrusoromi 




I 
I? 



19/21 



(145) 



JP 2005-503537 A 2005. 2. 3 



wo oro«Q5i 



PCTAJS0r01541 



5- 




i i= 


£13 
0£ 


cm 


co. 


i 


o 

CO 

>» 
o 










g 

CO. 












Q_ ^ 










CD 




O 




d 








3 






If 
















-J 





Xjjsueiur eAjjBiey 



I 
I? 



ami 



(146) 



JP 2005-503537 A 2005. 2. 3 



wo oro«D<i ecT/usto-oiiui 




(147) 



JP 2005-503537 A 2005. 2. 3 



! 4* m '< V 7 U y h (=aU*f^< — v?gV) ] 

02) INTERNATIONAL AJTUCATtON PU BUSH ED UNDER THE PATENT COOrEBATlON TREATY (?CT) 
IJ9I World ToTrtVr tnaJ Piupertj Oiytmiqn 




(43) iBirnuttooal PubScaOoa Date (10) lolenutienal PnbQcatwa N« 

17 Oetobtr 2002 (17.102002) pct WO 02/082051 A3 

151) latmatteBXl Pnw OiailMtte-: C12Q I/6R, (M) A(m: H <1 VOBSOS. KrtaoA*. IU; TlwHrfw^iaT m 
CIZP IWW. CI2M IO4.G01N LV06 Rrm. Sfe #1. iD5 W. Socttaa A-t. Tcapc AZ 83282 

(US). 

UI) iDCrriiflaalApjOfrtiiiNniiSxn FCT/USfiZJO m 1 
C2) hilrraiilDd.1 Hire Dei-: 15 Jutssry {ISjOJ 
<25) Pffiia EajLbfa 
<24) P«trfic=£k>» UifQp: UnftttS 



<3M) neOpartrf Kmc* :irKL*r*fc ferata n rucm I AM. AT. 
BY KG. KZ. MP. HO. TJ. TM\ bnropm pttrnl (AT. Bi£. 

en*, cy. dii, uic, ik. ia «. gb. c;r. in. rr. .vk:. 
Ni.rr.sr.TRx 



Off) Priority Due 

MV2fOJ30 I7JMSVT2S0. (I70..2DUI) 115 

«V2fi2JL« IJl*»s«7 2IlD- (17 0 JCTOI) US 

f?l) Applicant ss4 

f72) Jomuor TLBBSv Kmniu, A- (UiDSJ 2327 W. Dd (*■> orp»Wic»<Vra of (fao fetemtWasI Marc* rrport 

, < :*rtp C jrt: „ M«*. V/. H>?0C ( I K> 

' m) Imounn: \FJSON. RjufaO, W.: 11221 S. 31a J&_ 

COO. H*c=v A/! BW4 fUSl CRUBTR. Kcri, A« ,» \^t* o> Codb^-Uimf 
■ 1915 P_ 1 J=*tnd»«. CM I. Tone*. A 7. 1531 (1151 



^ Title IKTBCntATFDHIGH TTOOUGHP17T SYSTHV TOR THR ANALYSIS OF B!f»tni.BCUIJlS 

(Ti (ST) Abstract; To* pwa saratkxt prarite «n irtrjrthnJ tyuem czpabW o/ nrfacti**K mi ki i ig nd ctmcctttntirH tpciEc 
j2 taoBjnJccalet frwn lauki£i_al medio few csfchujumi h%h-pcTforwimi il. aasrjnm, maruByiaf Lggu a) pcracan. lec gai^irf vsrcsnu 
of oscctcd laMsaasda Je** «*ce want*, point a»BiiomurironiBflBbao»rttB0d&i9 



afxhfc: tJ maW-onpic brpm tad rarndc* v.fct> proccwln^dxa xraty^U l^rtaatwc <t»a*JCL The {scroti laremln akA tadsdc* 
^3 n ahwfc and (roaa to nc af ihcSadrricotJ cotnyooccn and tfec haggard aygeta in bioloipctl gpe djea a ora. Mcome, dte 
J> pwtowd etsbodsnc** of fte TOenl bwenr.cn rniridei for eke jrosdan Baiter precz«at of re str oke irentfe dtrica «*itor 
J> OTCfc»l.«i 



(148) 



JP 2005-503537 A 2005. 2. 3 



INTERNATIONAL SEARCH REPORT 



A- tXASSTFJCATTON OP SUBJECT MATTER 
D=CH> : CI 20 US*: CUP 19/34; CUM U1&: GO IN 1S.D6: 
US CL : «3Va. 7.1. 1KV1. 2S7.2: «21>».l. EL 05. «2-CS. Ii» 

Ar^rfe» ta Ig^^oai P«ton CWfTQ^.n rgCI or to both raSo^ O^i&c^a^ilffC 

B. " ~ ■ 



r tadafal to Lbe firfA «ard»cJ 



EAST. DIALOG 



d each <mn>e of tea (mod. «bexs y. 



DOCUMENTS COWSUBiRHD TO HE RELEVANT 



of tfce rclevirJ 



US6J2*,915 A CUTTLE tf Hj Li Ftbccgy M0Q rnHr-n 3. & i c=ui. 13-14. 110 

Ci 6.063.783 A (RAICH) 0* fojj E00 (04 07.2100) catena 12 aid 23-30- MO 
LS 6.013.«0 A (UPSRVTX « «0 ; ; Isnasry 1000 (l 1.01.2000) cojamni 3-1 a I- 10 




Fern PCT/TSA/2J0 (wooed tfc*«J paly LSStt) 



(149) 



JP 2005-503537 A 2005. 2. 3 



(51) Int. CL 7 

G 0 1 N 30/50 

G 0 1 N 30/72 

G 0 1 N 30/84 



F I 



G 0 1 N 

G 0 1 N 

G 0 1 N 

G 0 1 N 

G 0 1 N 

GO 1 N 



30/46 
30/48 
30/50 
30/72 
30/84 
30/84 



G 
R 

G 
E 
Z 



(72)^# ^/uyy, 7> k — ^ 

r^u^ta ry^wi 8 5 044, 7 #301 3, y^y=r^—-7 

r — J* h * h 9 — b 11221 

T^ii^^*a, ry/tj-H 8 5 2 8 1, ^--x h ^^t— ->^ — #241 

19 7 5 



